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Conservation in Physics refers to the phenomenon where a variable remains constant over time under specific conditions. That variable’s initial and final values are equal before and after an event. The conservation of angular momentum is a fundamental concept of Physics to study objects in motion. The law of conservation of momentum states that
“the total momentum of an isolated (closed) system is conserved as long as no external forces are acting on it.” By isolated system, we mean no matter is exchanged between the system and the surroundings. The conservation of momentum is most closely related to Newton’s third law. Mathematically, momentum is equal to an object’s mass
multiplied by its velocity. It is a vector quantity having both magnitude and direction. Momentum can neither be created nor destroyed. It is conserved in all three directions in space. For example, when gas molecules collide, momentum is conserved along the x, y, and z directions. Momentum conservation law applies to both linear momentum and
angular momentum. Its application extends from understanding everyday collisions to exploring the dynamics of astronomical objects. There are several real-life examples of conservation of momentum. Linear Momentum: When a rocket is launched into space, it starts with a net zero momentum. During its journey, the downward momentum of the
burning fuel is equal to the upward momentum of the rocket. Therefore, the net momentum of the rocket-propulsion system remains zero.Angular Momentum: A skater slowly rotates when spreading her arms. However, when she drops her arms, she rotates faster. The product of angular velocity and radius gives the angular momentum. When the
skater spreads her arms, the radius is longer, and the angular velocity is lower. When she pulls her arms, the radius is smaller, and the angular velocity is higher. In both cases, the angular momentum remains unchanged and is conserved. Consider a rigid body comprising different points. If pli, p2i, ..., pni represents the initial momentum of the 1st,
2nd, ..., and nth particle, and plf, p2f, ..., pnf represents their final momentum, the law of conservation of momentum can be mathematically represented by \[ p_{1i} + p {2i} + \ldots + p {ni} = p {1f} + p {2f} + \ldots + p_{nf} \] Recall that momentum is the product of mass and velocity. If m1, m2, ..., mn represents the masses, v1i, v2i, ..., vni
represent the initial velocities, and v1f, v2f, ..., vnf represent the final velocities, the above expression reduces to \[ m 1 v {1i} + m 2 v {2i} +\ldots + m nv {ni} =m 1v {1f} + m 2 v {2f} + \ldots + m nv {nf} \]\[ =>\sum m_x v {xi} = \sum m_x v_{xf} \] The above expression for momentum conservation applies to one dimension only. For
three-dimensional representation, we use vectors. \[ \vec{p} {1i} + \vec{p} {2i} + \ldots + \vec{p} {ni} = \vec{p} {1f} + \vec{p} {2f} + \ldots + \vec{p} {nf} \\ => \sum \vec{p} {xi} = \sum \vec{p} {xf} \] To summarize, \[ \vec{p} {\text{total}} = \text{constant} \] The conservation principle easily applies to the collision of particles, which is
discussed in another article. Collisions can be classified into different types based on kinetic energy transfer. Two types of collisions are: Elastic collision - both momentum and kinetic energy are conserved Inelastic collision - only momentum is conserved, not kinetic energy In addition, there are perfectly inelastic collisions, where objects stick
together after the collision, and only momentum is conserved. Problem 1: Two cars, Car A and Car B, collide head-on. Car A has a mass of 1000 kg and is initially traveling at 20 m/s to the right, while Car B has a mass of 1200 kg and is initially traveling at 15 m/s to the left. Calculate the velocities of Car A and Car B after the collision. Solution Given,
mA = 1000 kg, vAi = 20 m/s, mB = 1200 kg, and vBi = 15 m/s The velocity of car A is VAf = (mA - mB)/(mA + mB) vAi + 2mB/(mA + mB) vBi => vAf = (1000 kg - 1200 kg)/(1000 kg + 1200 kg) x 20 m/s + 2 x 1000 kg/(1000 kg + 1200 kg) x 15 m/s => vAf = 11.8 m/s The velocity of car B is given by vBf = 2ZmA/(mA + mB) vAi - (mA - mB)/(mA + mB)
vBi => vBf = 2 x 1000 kg/(1000 kg + 1200 kg) x 20 m/s - (1000 kg - 1200 kg)/(1000 kg + 1200 kg) x 15 m/s => vBf = 19.54 m/s Both cars travel right after the collision. Problem 2: A billiard ball with a mass of 0.2 kg is moving at a velocity of 3 m/s to the right. It collides with another stationary billiard ball of the same mass. Determine the velocities
of both balls after the collision. Solution Given, mA = 0.2 kg, vAi = 3 m/s, mB = 0.2 kg, and vBi = 0 m/s When two similar masses collide, they exchange velocities. Therefore, the first ball will come to rest, and the velocity of the second ball is 3 m/s. Problem 3: A rocket of mass 5000 kg is initially at rest on the launchpad. The exhaust gases are
expelled from the rocket with a velocity of 1000 m/s relative to the rocket. If the mass of the expelled gases is 100 kg, what is the rocket’s velocity after the gases are expelled? Solution Given mrocket = 5000 kg, vrocket, initial = 0, mgas = 100 kg, vgas, initial = 0 and vgas, final = 1000 m/s From the law of conservation of momentum mrocket x
vrocket, initial + mgas x vgas, initial = mrocket x vrocket, final + mgas x vgas, final => 5000 kg x 0 + 100 kg x 0 = 5000 kg x vrocket, final - 100 kg x 1000 m/s => 0 = 5000 kg x vrocket, final - 100000 kg - m/s => vrocket, final = 20 m/s Problem 4: A hunter fires a rifle with a mass of 3 kg. The bullet, with a mass of 0.05 kg, is expelled from the rifle
with a velocity of 400 m/s. Determine the recoil velocity of the rifle. Solution Given mrifle = 3 kg, vrifle, initial = 0, mbullet = 0.05 kg, mbullet, initial = 0 m/s, vbullet, final = 400 m/s From the law of conservation of momentum mrifle x vrifle, initial + mbullet x vbullet, initial = mrifle x vrifle, final + mbullet x vbullet, final => 3 kgx 0 + 0.05kgx 0 =3
kg x vrifle, final - 0.05 kg x 400 m/s => 0 = 3 kg x vrifle, final - 20 kg m/s => vrifle = 6.67 m/s Article was last reviewed on Friday, July 28, 2023 The momentum of an object is the product of the velocity and mass of an object. It is a vector quantity. Conservation of momentum is a fundamental law of physics, which states that the total momentum of
an isolated system is conserved in the absence of an external force. In other words, the total momentum of a system of objects remains constant during any interaction if no external force acts on the system. The total momentum is the vector sum of individual momenta. Therefore, the component of the total momentum along any direction remains
constant (whether the objects interact or not). Momentum remains conserved in any physical process.Overview of the Law of Conservation of MomentumConservation of momentum states that the total momentum of an isolated system remains the same in the absence of an external force, i.e., the momentum can neither be created nor be destroyed,
however, it can be changed through the action of forces as described by Newton's laws of motion.Momentum is the product of the mass of the object and the velocity at which it is travelling and is also equal to the total force required to bring the object to rest.One of the real-life aspects of the conservation of momentum is collision problems in which
the momentum remains conserved and the net external force remains zero.Additionally, there are several applications of momentum conservation in our day-to-day life that we will cover on this page. Along with this, we will understand the logic behind this concept and the proof of the conservation of momentum.Illustration in One-
DimensionConservation of momentum can be explained through a one-dimensional collision of two objects. Two objects of masses m1 and m2 collide with each other while moving along a straight line with velocities ul and u2, respectively. After the collision, they acquire velocities vl and v2 in the same direction.Total momentum before collision
pi=mlul+m2u2Total momentum after collision pf=mlvl+m2v2If no other force acts on the system of the two objects, total momentum remains conserved. Therefore,Pi = pfmlul+m2u2= mlvl+m2v2(Image will be uploaded soon)Derivation of Conservation of MomentumlIf no external force is exerted on the system of two colliding objects, the
objects apply impulse on each other for a short interval of time at the point of contact. According to Newton’s third law of motion, the impulsive force applied by the first object on the second one is equal and opposite to the impulsive force applied by the second object on the first object. During the one-dimensional collision of two objects of masses
m1 and m2, which have velocities ul and u2 before collision and velocities v2 and v2 after the collision, the impulsive force on the first object is F21 (applied by the second object) and the impulsive force on the second object is F12 (applied by the first object). Applying Newton’s third law, these two impulsive forces are equal and opposite, i.e.,F21 =
— F12If the time of contact is t, the impulse of the force F21 is equal to the change in momentum of the first object. F21.t = m1vl — m1ulThe impulse of force F12 is equal to the change in momentum of the second object.F12. t = m2v2 — m2u2From F21 = — F12F21.t = — F12. tmlvl — mlul = — (m2v2 — m2u2)mlul4+m2u2= mlvl+m2v2This
relation suggests that momentum is conserved during the collision.Collision in Two - DimensionsBefore the collision, the total momentum is pix = p1 = m1lvl, along the X - axis and piy = p2 = m2v2 along the Y - axis. After the collision, the total momentum is pfx = (m + M) ucos6, along X-axis and pfy = (m+M)usinOApplying conservation of
momentum,pix = pfxmlvl = (m + M) ucos®O....(1)piy = pfym2v2 = (m+M) usin®.....(2)Therefore, squaring and adding equations (1) and (2)\[(m_{1}v {1})7~{2} + (m_{2}v {2} {2} = m+M)" {2} u~{2} (Cos™{2}\Theta + Sin”~{2}\Theta \[\[u = \frac{\sqrt{m_ {1}~ {2}v {1}~{2} + m {2}~ {2}v {2}~ {2}}}{(m + M)}\] Itis the speed of the
combined object.Dividing equation (2) by (1) \[tan \Theta = \frac{m {2}v {2}}{m {1}v {1} }\16 gives the direction of the velocity.Conservation of Momentum ExamplesRecoil of a Gun: If a bullet is fired from a gun, both the bullet and the gun are initially at rest i.e. the total momentum before firing is zero. The bullet acquires a forward momentum
when it gets fired. According to the conservation of momentum, the gun receives a backward momentum. The bullet of mass m is fired with forward velocity v. The gun of mass M acquires a backward velocity u. Before firing, the total momentum is zero so that the total momentum after firing is also zero.0 = mv + Muu = -\[\frac{m} {M}\]vu is the
recoil velocity of the gun. The mass of the bullet is much less than that of the gun i.e. m < M. The backward velocity of the gun is very small,u < vRocket Propulsion: Rockets have a gas chamber at one end, from which gas is ejected with enormous velocity. Before the ejection, the total momentum is zero. Due to the ejection of gas, the rocket gains a
recoil velocity and acceleration in the opposite direction. This is a consequence of the conservation of momentum(Image will be uploaded soon)If a rocket of mass m ejects the propellent of small mass dm with an exhaust velocity ve such that the residual rocket of mass m - dm acquires a velocity dv in the opposite direction, the momenta of the
propellant and the residual rocket are equal in magnitude and opposite in direction.vedm = — (m — dm)dvSince both dm and dv are small, the equation can be approximated asdv = — ve\[\frac{dm} {m}\]If the mass of the rocket reduces from mo to m’ as its velocity increases from O to v’, integrating the above equation\[\int {0} "~{v"~{1}}dv = -
velint {mo}"~"{m~{1}} dm/m\]v’ = ve In\[(\frac{m} {mo})\] Solved Examplesl. A bullet of mass 6 g is fired with a speed of 500 m/s from a gun of mass 4 kg. What would be the recoil velocity of the gun?Solution: The initial momenta of the bullet and the gun are zero such that the total initial momentum is zero. The bullet of mass m = 6g is fired with
forward velocity v = 500 m/s. The gun of mass M = 4kg acquires a backward velocity V. m = 6 g =\[\frac{6} {1000}\]kgAccording to the conservation of momentum formula,0 = mv + MVO =\[\frac{6} {1000}\1kg(500m/s) + (4kg) vv = - 0.75 m/sThe recoil speed of the gun is 0.75 m/s. The negative sign implies that the recoil velocity is opposite to the
velocity of the bullet. The diagram shows a car and a van, just before and just after the car collided with the van, which is initially at rest.Use the idea of conservation of momentum to calculate the velocity of the van when it is pushed forward by the collision.Answer:Step 1: State the principle of conservation of momentumlIn a closed system, the total
momentum before an event is equal to the total momentum after the eventStep 2: Calculate total momentum before the collisionp = mvMomentum of the car:p = 990 x 10 = 9900 kg m/sMomentum of the van:The van is at rest, therefore v = 0 m/s and p = 0 kg m/spbefore = 9900 + 0 = 9900 kg m/sStep 3: Calculate the momentum after the collisionp
=990 x 2 = 1980 kg m/sp = 4200 x vpafter = 1980 + 4200v kg m/sStep 4: Rearrange the conservation of momentum equation for the velocity of the vanpbefore = pafter9900 = 1980 + 4200v9900 - 1980 = 4200vV = = 1.9 m/sPage 2Did this video help you?A moving object has momentum which is defined by the equation:p = mvWhere:p =
momentum in kilogram metre per second (kg m/s)m = mass in kilograms (kg)v = velocity in metres per second (m/s)This means that an object at rest (i.e v = 0) has no momentumMomentum keeps an object moving in the same direction, making it difficult to change the direction of an object with a large momentumSince velocity is a vector this means
that the momentum of an object also depends on its direction of travelThis means that momentum can be either positive or negativelf an object travelling to the right has positive momentum, an object travelling in the opposite direction (to the left) will have negative momentumThe tennis ball's momentum is negative when it moves in the opposite
direction to which it initially was travelling inTherefore, the momentum of an object will change if:The object accelerates (speeds up) or decelerates (slows down)Changes directionlts mass changesWhich object has the most momentum?Answer:Both the tennis ball and the brick have the same momentum Even though the brick is much heavier than
the ball, the ball is travelling much faster than the brick This means that on impact, they would both exert a similar force (depending on the time it takes for each to come to rest)Remember the units of momentum as kg m/s which is the product of the units of mass (kg) and velocity (m/s).Which direction is taken as positive is completely up to you in
the exam. In general, the right and upwards are taken as positive, and down or to the left as negative.Did this page help you?Page 3Page 4A person sees an image from a magnifying glass.Calculate the magnification of this image. Clearly show your working on the diagram.Answer:Step 1: Measure the height of the object from the scaleThe object is 10
cmStep 2: Measure the height of image from the scaleThe image is 20 cmStep 3: Substitute values into the magnification equationPage 5Each colour within the visible light spectrum corresponds to a narrow band of wavelength and frequencyThe different colours of waves correspond to different wavelengths:Red has the longest wavelength (and the
lowest frequency and energy)Violet has the shortest wavelength (and the highest frequency and energy)Colours of the visible spectrum with increasing wavelengthWavelength and frequency are inversely proportional, this means that:An increase in wavelength is a decrease in frequency (towards the red end of the spectrum)A decrease in wavelength
is an increase in frequency (towards the violet end of the spectrum)Did this page help you? The momentum of an isolated system is conserved. That is, when two or more objects of an isolated system are involved in a collision, the total momentum of the objects before the collision is equal to the total momentum of the objects after the collision. This is
called the law of conservation of momentum. The proof of the law of conservation of momentum is as follows. Let us consider a system of two objects in motion as shown in the figure. We take, $\vec p 1$ and $\vec p_2$ are the momenta of the object 1 and object 2. These are the momenta of the objects before the collision. The two objects involve in a
collision, and after the collision, let the momenta of the object 1 and the object 2 as $\vec p_1'$ and $\vec p_2'$. Now, let us look at what happens when the two objects collide. During the collision, object 1 exerts a force on object 2 and object 2 exerts a force on object 1. These two forces are equal and opposite according to Newton's third law. Let us
take, $\vec F_{21}$ is the force on object 2 by object 1 and, $\vec F_{12}$ is the force on object 1 by object 2. Since these forces are equal and opposite, we have $\vec F {21}=-\vec F {12}$. You learned that a force on an object change the momentum of the object, according to the equation, $\vec F=\dfrac{\Delta \vec p}{\Delta t}$ So, the force
$\vec F {21}$ on the object 2 changes the momentum of this object from $\vec p 2$ to $\vec p 2'$, therefore, $\vec F {21} =\dfrac{\Delta \vec p_2}{\Delta t}=\dfrac{\vec p_2'-\vec p_2} {\Delta t}$ Likewise, the force, $\vec F {12}$ on object 1 changes the momentum of this object, from $\vec p _1$ to $\vec p 1'$, therefore $\vec

F {12}=\dfrac{\Delta \vec p 1} {\Delta t}=\dfrac{\vec p 1'-\vec p_1}{\Delta t}$ Substituting the forces in the equation, $\vec F_{21}=-\vec F {12}$, we get, $\dfrac{\vec p_2'-\vec p 2} {\Delta t}=-\dfrac{\vec p_1'-\vec p_1}{\Delta t}$ Canceling, $\Delta t$ and rearranging, we get, $\vec p_1+\vec p 2=\vec p_1'+\vec p_2'$. Left hand side is the total
momentum of the objects before the collision and the right hand side is the total momentum of the objects after the collision. i.e.,Total momentum of the system before the collision is equal to total momentum after the collision. Thus, we proved the law of conservation of momentum. On the basis of Newton’s second law of motion, which gives the
relation between the acceleration of any body and the force acting on it, any problem in mechanics can be solved in principle. For example, to determine the motion of a few particles, one can use the numerical method developed in the preceding chapter. But there are good reasons to make a further study of Newton’s laws. First, there are quite
simple cases of motion which can be analyzed not only by numerical methods, but also by direct mathematical analysis. For example, although we know that the acceleration of a falling body is $32$ ft/sec?, and from this fact could calculate the motion by numerical methods, it is much easier and more satisfactory to analyze the motion and find the
general solution, $s=s 0+v _0t+16t"2$. In the same way, although we can work out the positions of a harmonic oscillator by numerical methods, it is also possible to show analytically that the general solution is a simple cosine function of $t$, and so it is unnecessary to go to all that arithmetical trouble when there is a simple and more accurate way
to get the result. In the same manner, although the motion of one body around the sun, determined by gravitation, can be calculated point by point by the numerical methods of Chapter 9, which show the general shape of the orbit, it is nice also to get the exact shape, which analysis reveals as a perfect ellipse. Unfortunately, there are really very few
problems which can be solved exactly by analysis. In the case of the harmonic oscillator, for example, if the spring force is not proportional to the displacement, but is something more complicated, one must fall back on the numerical method. Or if there are two bodies going around the sun, so that the total number of bodies is three, then analysis
cannot produce a simple formula for the motion, and in practice the problem must be done numerically. That is the famous three-body problem, which so long challenged human powers of analysis; it is very interesting how long it took people to appreciate the fact that perhaps the powers of mathematical analysis were limited and it might be
necessary to use the numerical methods. Today an enormous number of problems that cannot be done analytically are solved by numerical methods, and the old three-body problem, which was supposed to be so difficult, is solved as a matter of routine in exactly the same manner that was described in the preceding chapter, namely, by doing enough
arithmetic. However, there are also situations where both methods fail: the simple problems we can do by analysis, and the moderately difficult problems by numerical, arithmetical methods, but the very complicated problems we cannot do by either method. A complicated problem is, for example, the collision of two automobiles, or even the motion of
the molecules of a gas. There are countless particles in a cubic millimeter of gas, and it would be ridiculous to try to make calculations with so many variables (about $10™{17}$—a hundred million billion). Anything like the motion of the molecules or atoms of a gas or a block of iron, or the motion of the stars in a globular cluster, instead of just two
or three planets going around the sun—such problems we cannot do directly, so we have to seek other means. In the situations in which we cannot follow details, we need to know some general properties, that is, general theorems or principles which are consequences of Newton’s laws. One of these is the principle of conservation of energy, which
was discussed in Chapter 4. Another is the principle of conservation of momentum, the subject of this chapter. Another reason for studying mechanics further is that there are certain patterns of motion that are repeated in many different circumstances, so it is good to study these patterns in one particular circumstance. For example, we shall study
collisions; different kinds of collisions have much in common. In the flow of fluids, it does not make much difference what the fluid is, the laws of the flow are similar. Other problems that we shall study are vibrations and oscillations and, in particular, the peculiar phenomena of mechanical waves—sound, vibrations of rods, and so on. In our discussion
of Newton’s laws it was explained that these laws are a kind of program that says “Pay attention to the forces,” and that Newton told us only two things about the nature of forces. In the case of gravitation, he gave us the complete law of the force. In the case of the very complicated forces between atoms, he was not aware of the right laws for the
forces; however, he discovered one rule, one general property of forces, which is expressed in his Third Law, and that is the total knowledge that Newton had about the nature of forces—the law of gravitation and this principle, but no other details. This principle is that action equals reaction. What is meant is something of this kind: Suppose we have
two small bodies, say particles, and suppose that the first one exerts a force on the second one, pushing it with a certain force. Then, simultaneously, according to Newton’s Third Law, the second particle will push on the first with an equal force, in the opposite direction; furthermore, these forces effectively act in the same line. This is the hypothesis,
or law, that Newton proposed, and it seems to be quite accurate, though not exact (we shall discuss the errors later). For the moment we shall take it to be true that action equals reaction. Of course, if there is a third particle, not on the same line as the other two, the law does not mean that the total force on the first one is equal to the total force on
the second, since the third particle, for instance, exerts its own push on each of the other two. The result is that the total effect on the first two is in some other direction, and the forces on the first two particles are, in general, neither equal nor opposite. However, the forces on each particle can be resolved into parts, there being one contribution or
part due to each other interacting particle. Then each pair of particles has corresponding components of mutual interaction that are equal in magnitude and opposite in direction. Now what are the interesting consequences of the above relationship? Suppose, for simplicity, that we have just two interacting particles, possibly of different mass, and
numbered $1$ and $2$. The forces between them are equal and opposite; what are the consequences? According to Newton’s Second Law, force is the time rate of change of the momentum, so we conclude that the rate of change of momentum $p 1$ of particle $1$ is equal to minus the rate of change of momentum $p 2$ of particle $2$, or
\begin{equation} \label{Eq:1:10:1} dp_1/dt=-dp 2/dt. \end{equation} Now if the rate of change is always equal and opposite, it follows that the total change in the momentum of particle $1$ is equal and opposite to the total change in the momentum of particle $2$; this means that if we add the momentum of particle $1$ to the momentum of

particle $2$, the rate of change of the sum of these, due to the mutual forces (called internal forces) between particles, is zero; that is \begin{equation} \label{Eq:1:10:2} d(p_1+p 2)/dt=0. \end{equation} There is assumed to be no other force in the problem. If the rate of change of this sum is always zero, that is just another way of saying that the
quantity $(p_1+p_2)$ does not change. (This quantity is also written $m_1v 1+m 2v 2$, and is called the total momentum of the two particles.) We have now obtained the result that the total momentum of the two particles does not change because of any mutual interactions between them. This statement expresses the law of conservation of
momentum in that particular example. We conclude that if there is any kind of force, no matter how complicated, between two particles, and we measure or calculate $m 1v 14+m 2v 2$, that is, the sum of the two momenta, both before and after the forces act, the results should be equal, i.e., the total momentum is a constant. If we extend the
argument to three or more interacting particles in more complicated circumstances, it is evident that so far as internal forces are concerned, the total momentum of all the particles stays constant, since an increase in momentum of one, due to another, is exactly compensated by the decrease of the second, due to the first. That is, all the internal
forces will balance out, and therefore cannot change the total momentum of the particles. Then if there are no forces from the outside (external forces), there are no forces that can change the total momentum; hence the total momentum is a constant. It is worth describing what happens if there are forces that do not come from the mutual actions of
the particles in question: suppose we isolate the interacting particles. If there are only mutual forces, then, as before, the total momentum of the particles does not change, no matter how complicated the forces. On the other hand, suppose there are also forces coming from the particles outside the isolated group. Any force exerted by outside bodies
on inside bodies, we call an external force. We shall later demonstrate that the sum of all external forces equals the rate of change of the total momentum of all the particles inside, a very useful theorem. The conservation of the total momentum of a number of interacting particles can be expressed as \begin{equation} \label{Eq:1:10:3}

m 1v 14+m 2v 24+m 3v 3+\dotsb=\text{a constant}, \end{equation} if there are no net external forces. Here the masses and corresponding velocities of the particles are numbered $1$, $2$, $3$, $4$, ... The general statement of Newton’s Second Law for each particle, \begin{equation} \label{Eq:1:10:4} F=\ddt{}{t}(mv), \end{equation} is true
specifically for the components of force and momentum in any given direction; thus the $x$-component of the force on a particle is equal to the $x$-component of the rate of change of momentum of that particle, or \begin{equation} \label{Eq:[:10:5} F _x=\ddt{}{t}(mv x), \end{equation} and similarly for the $y$- and $z$-directions. Therefore

Eq. (10.3) is really three equations, one for each direction. In addition to the law of conservation of momentum, there is another interesting consequence of Newton’s Second Law, to be proved later, but merely stated now. This principle is that the laws of physics will look the same whether we are standing still or moving with a uniform speed in a
straight line. For example, a child bouncing a ball in an airplane finds that the ball bounces the same as though he were bouncing it on the ground. Even though the airplane is moving with a very high velocity, unless it changes its velocity, the laws look the same to the child as they do when the airplane is standing still. This is the so-called relativity
principle. As we use it here we shall call it “Galilean relativity” to distinguish it from the more careful analysis made by Einstein, which we shall study later. We have just derived the law of conservation of momentum from Newton’s laws, and we could go on from here to find the special laws that describe impacts and collisions. But for the sake of
variety, and also as an illustration of a kind of reasoning that can be used in physics in other circumstances where, for example, one might not know Newton’s laws and might take a different approach, we shall discuss the laws of impacts and collisions from a completely different point of view. We shall base our discussion on the principle of Galilean
relativity, stated above, and shall end up with the law of conservation of momentum. We shall start by assuming that nature would look the same if we run along at a certain speed and watch it as it would if we were standing still. Before discussing collisions in which two bodies collide and stick together, or come together and bounce apart, we shall
first consider two bodies that are held together by a spring or something else, and are then suddenly released and pushed by the spring or perhaps by a little explosion. Further, we shall consider motion in only one direction. First, let us suppose that the two objects are exactly the same, are nice symmetrical objects, and then we have a little explosion
between them. After the explosion, one of the bodies will be moving, let us say toward the right, with a velocity $v$. Then it appears reasonable that the other body is moving toward the left with a velocity $v$, because if the objects are alike there is no reason for right or left to be preferred and so the bodies would do something that is symmetrical.
This is an illustration of a kind of thinking that is very useful in many problems but would not be brought out if we just started with the formulas. The first result from our experiment is that equal objects will have equal speed, but now suppose that we have two objects made of different materials, say copper and aluminum, and we make the two
masses equal. We shall now suppose that if we do the experiment with two masses that are equal, even though the objects are not identical, the velocities will be equal. Someone might object: “But you know, you could do it backwards, you did not have to suppose that. You could define equal masses to mean two masses that acquire equal velocities in
this experiment.” We follow that suggestion and make a little explosion between the copper and a very large piece of aluminum, so heavy that the copper flies out and the aluminum hardly budges. That is too much aluminum, so we reduce the amount until there is just a very tiny piece, then when we make the explosion the aluminum goes flying away,
and the copper hardly budges. That is not enough aluminum. Evidently there is some right amount in between; so we keep adjusting the amount until the velocities come out equal. Very well then—let us turn it around, and say that when the velocities are equal, the masses are equal. This appears to be just a definition, and it seems remarkable that
we can transform physical laws into mere definitions. Nevertheless, there are some physical laws involved, and if we accept this definition of equal masses, we immediately find one of the laws, as follows. Suppose we know from the foregoing experiment that two pieces of matter, $A$ and $B$ (of copper and aluminum), have equal masses, and we
compare a third body, say a piece of gold, with the copper in the same manner as above, making sure that its mass is equal to the mass of the copper. If we now make the experiment between the aluminum and the gold, there is nothing in logic that says these masses must be equal; however, the experiment shows that they actually are. So now, by
experiment, we have found a new law. A statement of this law might be: If two masses are each equal to a third mass (as determined by equal velocities in this experiment), then they are equal to each other. (This statement does not follow at all from a similar statement used as a postulate regarding mathematical quantities.) From this example we
can see how quickly we start to infer things if we are careless. It is not just a definition to say the masses are equal when the velocities are equal, because to say the masses are equal is to imply the mathematical laws of equality, which in turn makes a prediction about an experiment. As a second example, suppose that $A$ and $B$ are found to be
equal by doing the experiment with one strength of explosion, which gives a certain velocity; if we then use a stronger explosion, will it be true or not true that the velocities now obtained are equal? Again, in logic there is nothing that can decide this question, but experiment shows that it is true. So, here is another law, which might be stated: If two
bodies have equal masses, as measured by equal velocities at one velocity, they will have equal masses when measured at another velocity. From these examples we see that what appeared to be only a definition really involved some laws of physics. In the development that follows we shall assume it is true that equal masses have equal and opposite
velocities when an explosion occurs between them. We shall make another assumption in the inverse case: If two identical objects, moving in opposite directions with equal velocities, collide and stick together by some kind of glue, then which way will they be moving after the collision? This is again a symmetrical situation, with no preference between
right and left, so we assume that they stand still. We shall also suppose that any two objects of equal mass, even if the objects are made of different materials, which collide and stick together, when moving with the same velocity in opposite directions will come to rest after the collision. Fig. 10-1.End view of linear air trough. Fig. 10-2.Sectional view
of gliders with explosive interaction cylinder attachment. We can verify the above assumptions experimentally: first, that if two stationary objects of equal mass are separated by an explosion they will move apart with the same speed, and second, if two objects of equal mass, coming together with the same speed, collide and stick together they will
stop. This we can do by means of a marvelous invention called an air trough,1 which gets rid of friction, the thing which continually bothered Galileo (Fig. 10-1). He could not do experiments by sliding things because they do not slide freely, but, by adding a magic touch, we can today get rid of friction. Our objects will slide without difficulty, on and
on at a constant velocity, as advertised by Galileo. This is done by supporting the objects on air. Because air has very low friction, an object glides along with practically constant velocity when there is no applied force. First, we use two glide blocks which have been made carefully to have the same weight, or mass (their weight was measured really,
but we know that this weight is proportional to the mass), and we place a small explosive cap in a closed cylinder between the two blocks (Fig. 10-2). We shall start the blocks from rest at the center point of the track and force them apart by exploding the cap with an electric spark. What should happen? If the speeds are equal when they fly apart,
they should arrive at the ends of the trough at the same time. On reaching the ends they will both bounce back with practically opposite velocity, and will come together and stop at the center where they started. It is a good test; when it is actually done the result is just as we have described (Fig. 10-3). Fig. 10-3.Schematic view of action-reaction
experiment with equal masses. Now the next thing we would like to figure out is what happens in a less simple situation. Suppose we have two equal masses, one moving with velocity $v$ and the other standing still, and they collide and stick; what is going to happen? There is a mass $2m$ altogether when we are finished, drifting with an unknown
velocity. What velocity? That is the problem. To find the answer, we make the assumption that if we ride along in a car, physics will look the same as if we are standing still. We start with the knowledge that two equal masses, moving in opposite directions with equal speeds $v$, will stop dead when they collide. Now suppose that while this happens,
we are riding by in an automobile, at a velocity $-v$. Then what does it look like? Since we are riding along with one of the two masses which are coming together, that one appears to us to have zero velocity. The other mass, however, going the other way with velocity $v$, will appear to be coming toward us at a velocity $2v$ (Fig. 10-4). Finally, the
combined masses after collision will seem to be passing by with velocity $v$. We therefore conclude that an object with velocity $2v$, hitting an equal one at rest, will end up with velocity $v$, or what is mathematically exactly the same, an object with velocity $v$ hitting and sticking to one at rest will produce an object moving with velocity $v/2$.
Note that if we multiply the mass and the velocity beforehand and add them together, $mv+0$, we get the same answer as when we multiply the mass and the velocity of everything afterwards, $2m$ times $v/2$. So that tells us what happens when a mass of velocity $v$ hits one standing still. Fig. 10-4.Two views of an inelastic collision between
equal masses. In exactly the same manner we can deduce what happens when equal objects having any two velocities hit each other. Fig. 10-5.Two views of another inelastic collision between equal masses. Suppose we have two equal bodies with velocities $v 1$ and $v 2$, respectively, which collide and stick together. What is their velocity $v$ after
the collision? Again we ride by in an automobile, say at velocity $v_2$, so that one body appears to be at rest. The other then appears to have a velocity $v_1-v_2$, and we have the same case that we had before. When it is all finished they will be moving at $\tfrac{1}{2}(v_1-v_2)$ with respect to the car. What then is the actual speed on the ground? It
is $v=\tfrac{1}{2}(v_1-v_2)+v 2% or $\tfrac{1}{2}(v_1+v 2)$ (Fig. 10-5). Again we note that \begin{equation} \label{Eq:1:10:6} mv_1+mv 2=2m(v_1+v_2)/2. \end{equation} Thus, using this principle, we can analyze any kind of collision in which two bodies of equal mass hit each other and stick. In fact, although we have worked only in one
dimension, we can find out a great deal about much more complicated collisions by imagining that we are riding by in a car in some oblique direction. The principle is the same, but the details get somewhat complicated. In order to test experimentally whether an object moving with velocity $v$, colliding with an equal one at rest, forms an object
moving with velocity $v/2$, we may perform the following experiment with our air-trough apparatus. We place in the trough three equally massive objects, two of which are initially joined together with our explosive cylinder device, the third being very near to but slightly separated from these and provided with a sticky bumper so that it will stick to
another object which hits it. Now, a moment after the explosion, we have two objects of mass $m$ moving with equal and opposite velocities $v$. A moment after that, one of these collides with the third object and makes an object of mass $2m$ moving, so we believe, with velocity $v/2$. How do we test whether it is really $v/2$? By arranging the
initial positions of the masses on the trough so that the distances to the ends are not equal, but are in the ratio $2:1$. Thus our first mass, which continues to move with velocity $v$, should cover twice as much distance in a given time as the two which are stuck together (allowing for the small distance travelled by the second object before it collided
with the third). The mass $m$ and the mass $2m$ should reach the ends at the same time, and when we try it, we find that they do (Fig. 10-6). Fig. 10-6.An experiment to verify that a mass $m$ with velocity $v$ striking a mass $m$ with zero velocity gives $2m$ with velocity $v/2$. The next problem that we want to work out is what happens if we
have two different masses. Let us take a mass $m$ and a mass $2m$ and apply our explosive interaction. What will happen then? If, as a result of the explosion, $m$ moves with velocity $v$, with what velocity does $2m$ move? The experiment we have just done may be repeated with zero separation between the second and third masses, and when
we try it we get the same result, namely, the reacting masses $m$ and $2m$ attain velocities $-v$ and $v/2$. Thus the direct reaction between $m$ and $2m$ gives the same result as the symmetrical reaction between $m$ and $m$, followed by a collision between $m$ and a third mass $m$ in which they stick together. Furthermore, we find that the
masses $m$ and $2m$ returning from the ends of the trough, with their velocities (nearly) exactly reversed, stop dead if they stick together. Fig. 10-7.Two views of an inelastic collision between $m$ and $2m$. Now the next question we may ask is this. What will happen if a mass $m$ with velocity $v$, say, hits and sticks to another mass $2m$ at
rest? This is very easy to answer using our principle of Galilean relativity, for we simply watch the collision which we have just described from a car moving with velocity $-v/2$ (Fig. 10-7). From the car, the velocities are \begin{equation*} v_1'=v-v(\text{car})=v+v/2=3v/2 \end{equation*} and \begin{equation*} v 2'=-v/2-v(\text{car})=-v/2+v/2=0.
\end{equation*} After the collision, the mass $3m$ appears to us to be moving with velocity $v/2$. Thus we have the answer, i.e., the ratio of velocities before and after collision is $3$ to $1$: if an object of mass $m$ collides with a stationary object of mass $2m$, then the whole thing moves off, stuck together, with a velocity $1/3$ as much. The
general rule again is that the sum of the products of the masses and the velocities stays the same: $mv+0$ equals $3m$ times $v/3$, so we are gradually building up the theorem of the conservation of momentum, piece by piece. Now we have one against two. Using the same arguments, we can predict the result of one against three, two against
three, etc. The case of two against three, starting from rest, is shown in Fig. 10-8. Fig. 10-8.Action and reaction between $2m$ and $3m$. In every case we find that the mass of the first object times its velocity, plus the mass of the second object times its velocity, is equal to the total mass of the final object times its velocity. These are all examples,
then, of the conservation of momentum. Starting from simple, symmetrical cases, we have demonstrated the law for more complex cases. We could, in fact, do it for any rational mass ratio, and since every ratio is exceedingly close to a rational ratio, we can handle every ratio as precisely as we wish. All the foregoing examples are simple cases where
the bodies collide and stick together, or were initially stuck together and later separated by an explosion. However, there are situations in which the bodies do not cohere, as, for example, two bodies of equal mass which collide with equal speeds and then rebound. For a brief moment they are in contact and both are compressed. At the instant of
maximum compression they both have zero velocity and energy is stored in the elastic bodies, as in a compressed spring. This energy is derived from the kinetic energy the bodies had before the collision, which becomes zero at the instant their velocity is zero. The loss of kinetic energy is only momentary, however. The compressed condition is
analogous to the cap that releases energy in an explosion. The bodies are immediately decompressed in a kind of explosion, and fly apart again; but we already know that case—the bodies fly apart with equal speeds. However, this speed of rebound is less, in general, than the initial speed, because not all the energy is available for the explosion,
depending on the material. If the material is putty no kinetic energy is recovered, but if it is something more rigid, some kinetic energy is usually regained. In the collision the rest of the kinetic energy is transformed into heat and vibrational energy—the bodies are hot and vibrating. The vibrational energy also is soon transformed into heat. It is
possible to make the colliding bodies from highly elastic materials, such as steel, with carefully designed spring bumpers, so that the collision generates very little heat and vibration. In these circumstances the velocities of rebound are practically equal to the initial velocities; such a collision is called elastic. That the speeds before and after an elastic
collision are equal is not a matter of conservation of momentum, but a matter of conservation of kinetic energy. That the velocities of the bodies rebounding after a symmetrical collision are equal to and opposite each other, however, is a matter of conservation of momentum. We might similarly analyze collisions between bodies of different masses,
different initial velocities, and various degrees of elasticity, and determine the final velocities and the loss of kinetic energy, but we shall not go into the details of these processes. Elastic collisions are especially interesting for systems that have no internal “gears, wheels, or parts.” Then when there is a collision there is nowhere for the energy to be
impounded, because the objects that move apart are in the same condition as when they collided. Therefore, between very elementary objects, the collisions are always elastic or very nearly elastic. For instance, the collisions between atoms or molecules in a gas are said to be perfectly elastic. Although this is an excellent approximation, even such
collisions are not perfectly elastic; otherwise one could not understand how energy in the form of light or heat radiation could come out of a gas. Once in a while, in a gas collision, a low-energy infrared ray is emitted, but this occurrence is very rare and the energy emitted is very small. So, for most purposes, collisions of molecules in gases are
considered to be perfectly elastic. As an interesting example, let us consider an elastic collision between two objects of equal mass. If they come together with the same speed, they would come apart at that same speed, by symmetry. But now look at this in another circumstance, in which one of them is moving with velocity $v$ and the other one is at
rest. What happens? We have been through this before. We watch the symmetrical collision from a car moving along with one of the objects, and we find that if a stationary body is struck elastically by another body of exactly the same mass, the moving body stops, and the one that was standing still now moves away with the same speed that the other
one had; the bodies simply exchange velocities. This behavior can easily be demonstrated with a suitable impact apparatus. More generally, if both bodies are moving, with different velocities, they simply exchange velocity at impact. Another example of an almost elastic interaction is magnetism. If we arrange a pair of U-shaped magnets in our glide
blocks, so that they repel each other, when one drifts quietly up to the other, it pushes it away and stands perfectly still, and now the other goes along, frictionlessly. The principle of conservation of momentum is very useful, because it enables us to solve many problems without knowing the details. We did not know the details of the gas motions in
the cap explosion, yet we could predict the velocities with which the bodies came apart, for example. Another interesting example is rocket propulsion. A rocket of large mass, $M$, ejects a small piece, of mass $m$, with a terrific velocity $V$ relative to the rocket. After this the rocket, if it were originally standing still, will be moving with a small
velocity, $v$. Using the principle of conservation of momentum, we can calculate this velocity to be \begin{equation*} v=\frac{m} {M}\cdot V. \end{equation*} So long as material is being ejected, the rocket continues to pick up speed. Rocket propulsion is essentially the same as the recoil of a gun: there is no need for any air to push against. In
modern times the law of conservation of momentum has undergone certain modifications. However, the law is still true today, the modifications being mainly in the definitions of things. In the theory of relativity it turns out that we do have conservation of momentum; the particles have mass and the momentum is still given by $mv$, the mass times
the velocity, but the mass changes with the velocity, hence the momentum also changes. The mass varies with velocity according to the law \begin{equation} \label{Eq:1:10:7} m=\frac{m 0} {\sqrt{1-v"~2/c~2}}, \end{equation} where $m 0% is the mass of the body at rest and $c$ is the speed of light. It is easy to see from the formula that there is
negligible difference between $m$ and $m_0$ unless $v$ is very large, and that for ordinary velocities the expression for momentum reduces to the old formula. The components of momentum for a single particle are written as \begin{equation} \label{Eq:1:10:8} p x=\frac{m Ov x}{\sqrt{1-v"~2/c”~2}} \quad p _y=\frac{m Ov y}{\sqrt{1-

v~2/c”2}} \quad p z=\frac{m Ov z}{\sqrt{1-v"~2/c~2}}, \end{equation} \begin{equation} \begin{aligned} p x&=\frac{m Ov x}{\sqrt{1-v"~2/c”2}} \[lex] p y&=\frac{m Ov y}{\sqrt{1-v~2/c~2}} \[lex] p z&=\frac{m Ov z}{\sqrt{1-v~2/c”~2}}, \end{aligned} \label{Eq:1:10:8} \end{equation} where $v"2=v x"24+v y"~2+v z"24$. If the $x$-
components are summed over all the interacting particles, both before and after a collision, the sums are equal; that is, momentum is conserved in the $x$-direction. The same holds true in any direction. In Chapter 4 we saw that the law of conservation of energy is not valid unless we recognize that energy appears in different forms, electrical energy,
mechanical energy, radiant energy, heat energy, and so on. In some of these cases, heat energy for example, the energy might be said to be “hidden.” This example might suggest the question, “Are there also hidden forms of momentum—perhaps heat momentum?” The answer is that it is very hard to hide momentum for the following reasons. The
random motions of the atoms of a body furnish a measure of heat energy, if the squares of the velocities are summed. This sum will be a positive result, having no directional character. The heat is there, whether or not the body moves as a whole, and conservation of energy in the form of heat is not very obvious. On the other hand, if one sums the
velocities, which have direction, and finds a result that is not zero, that means that there is a drift of the entire body in some particular direction, and such a gross momentum is readily observed. Thus there is no random internal lost momentum, because the body has net momentum only when it moves as a whole. Therefore momentum, as a
mechanical quantity, is difficult to hide. Nevertheless, momentum can be hidden—in the electromagnetic field, for example. This case is another effect of relativity. One of the propositions of Newton was that interactions at a distance are instantaneous. It turns out that such is not the case; in situations involving electrical forces, for instance, if an
electrical charge at one location is suddenly moved, the effects on another charge, at another place, do not appear instantaneously—there is a little delay. In those circumstances, even if the forces are equal the momentum will not check out; there will be a short time during which there will be trouble, because for a while the first charge will feel a
certain reaction force, say, and will pick up some momentum, but the second charge has felt nothing and has not yet changed its momentum. It takes time for the influence to cross the intervening distance, which it does at $186{,}000$ miles a second. In that tiny time the momentum of the particles is not conserved. Of course after the second charge
has felt the effect of the first one and all is quieted down, the momentum equation will check out all right, but during that small interval momentum is not conserved. We represent this by saying that during this interval there is another kind of momentum besides that of the particle, $mv$, and that is momentum in the electromagnetic field. If we add
the field momentum to the momentum of the particles, then momentum is conserved at any moment all the time. The fact that the electromagnetic field can possess momentum and energy makes that field very real, and so, for better understanding, the original idea that there are just the forces between particles has to be modified to the idea that a
particle makes a field, and a field acts on another particle, and the field itself has such familiar properties as energy content and momentum, just as particles can have. To take another example: an electromagnetic field has waves, which we call light; it turns out that light also carries momentum with it, so when light impinges on an object it carries in
a certain amount of momentum per second; this is equivalent to a force, because if the illuminated object is picking up a certain amount of momentum per second, its momentum is changing and the situation is exactly the same as if there were a force on it. Light can exert pressure by bombarding an object; this pressure is very small, but with
sufficiently delicate apparatus it is measurable. Now in quantum mechanics it turns out that momentum is a different thing—it is no longer $mv#$. It is hard to define exactly what is meant by the velocity of a particle, but momentum still exists. In quantum mechanics the difference is that when the particles are represented as particles, the momentum
is still $mv$, but when the particles are represented as waves, the momentum is measured by the number of waves per centimeter: the greater this number of waves, the greater the momentum. In spite of the differences, the law of conservation of momentum holds also in quantum mechanics. Even though the law $F=ma$ is false, and all the
derivations of Newton were wrong for the conservation of momentum, in quantum mechanics, nevertheless, in the end, that particular law maintains itself! The law of Conservation of Momentum states that the total momentum of objects before and after collision remains constant. Before stating the Laws of Conservation of Momentum, we must first
learn about momentum. The momentum of an object is a physical quantity that is defined as the product of the mass and velocity of the object. Momentum a vector quantity,, is very useful in Newtonian physics. The laws of Conservation of Momentum explain that the momentum of any system is always constant until an external force is applied. Let's
learn about the Laws of Conservation of Momentum, its derivation, formula, examples, and others in this article.Momentum DefinitionMomentum can be defined as a mass in motion. In quantitative terms, momentum is defined as the product of mass and velocity. It is denoted by “p”. The amount of momentum possessed by an object depends upon
two factors - its mass and its velocity. An object that does not have any mass will have zero momentum no matter how fast it moves. Similarly, a stationary object will always have zero momentum, whatever its mass may be. Let's say the mass of the object is “m” and its velocity is “v”. Then the momentum "p" is given by, p = mvThe SI unit for
momentum is Kg-m/s. Momentum: A Vector QuantityA vector quantity is a quantity that has both magnitude and direction. Since momentum also depends on the velocity, it is a vector quantity. For example - a ball thrown toward the north will have a velocity toward the north. In that case, momentum will also point in the direction where the ball is
moving. Its direction is the same as the direction of velocity. Learn more about Momentum.What Is Conservation Of Momentum?Law of Conservation of Momentum is one of the basic laws of physics which is used derived from Newton's third law of Motion. Conservation of Momentum states that the momentum of the system is always conserved, i.e.
initial momentum and final momentum of the system are always conserved. We can also state that the total momentum of the system is always constant.Conservation of MomentumThe law of conservation of momentum is mathematically and experimentally proven.Law of Conservation of MomentumThe Law of conservation of momentum says that
momentum is conserved for a system but we must note that this law is applicable to isolated systems i.e. there should not be any external forces acting on the system.The law of conservation of momentum states that, "When no external forces are acting on a system, then the momentum of the system is conserved. Specifically, the total momentum of
the system before and after any event remains the same."Consider a system of two point masses m1 and m2. Initially, these bodies were moving with the velocities ul and u2. Now they collide with each other and their final velocities become v1 and v2. So, according to the law of conservation of momentum, mlul + m2u2 = m1lvl + m2v2This is true
only when there is no external force applied to the system.For a general system with n-particles. The law is given by the equation, m1ul + m2u2 + ..... + m2un = mlvl + m2v2 + ....m2vnDerivation of Conservation of MomentumThe law of Conservation of Momentum is derived with the help of Newton’s third law of motion which states that for every
action there is an equal and opposite reaction.Consider two point masses m1 and m2. Initially, these bodies were moving with the velocities ul and u2. Now they collide with each other and their final velocities become v1 and v2. Their time of collision is t.Now the change in momentum of the mass AAPA = m1(v1 - ul)Now the change in momentum of
the mass BAPB = m1(v2 - u2)From Newton's law of motion,FAB = -FBA....(1)We also know that, F = AP/tThus,FAB = APA / tFBA = APB / tNow, from (1)APA/t = -APB/tm1(vl - ul)/t = - m1(v2 - u2)/tm1(vl -ul) = -m1(v2 - u2)mli(vl -ul) + m1(v2 - u2) = Omlul + m2u2 = mlvl + m2v2Why is Momentum Conserved? Momentum is conserved because
of Newton's Third Law of Motion. In a collision between two objects A and B. Object A experiences a force FAB which is due to B, similarly, object B experiences force FBA which is due to A. These forces must be equal according to Newton's third law. Since the collision was for a very short time \Delta t. F {AB}\Delta t = F_{BA}\Delta tNow, this is a
very short time. So, this is considered an impulse. An impulse is equivalent to a change in momentum. m A\Delta v. A = -m B\Delta v B\\ m A\Delta v A + m B\Delta v B = 0Conservation of Momentum FormulaThe mathematical formula for the Conservation of Momentum is given as,m1ul + m2u2 = mlvl + m2v2where,m1l is the mass of the first
objectm?2 is the mass of the second objectul and u2 are the initial velocities of m1 and m2 respectivelyvl and v2 are the final velocities of m1 and m2 respectivelyExample of Conservation of MomentumThere are various examples that explain the law of conservation of momentum. Some of the most common examples of Conservation of Momentum
are,Recoil of the GunWe have noticed that whenever we fire a gun we observe a recoil which is because of the law of conservation of momentum. As the bullet gains forward momentum we observed a backward momentum(motion) which is called the recoil. Motion of BoatThe motion of the boat is based on the concept of the law of conservation of
momentum as when we push the water backward with the help of oars the boat is pushed forward because of the momentum. Application of Law of Conservation of MomentumAs we have studied the Law of Conservation of Momentum is a highly useful law. It is used for various activities and has various applications some of the applications of the
Law of Conservation of Momentum are,Rocket PropulsionRocket Propulsion or launching of the rocket is based on the law of conservation of momentum. As in a rocket when hot gases are expelled from the exhaust of the rocket they provide the required velocity to the rocket. Airbags Used in VehiclesAirbags used in vehicles also work on the principle
of the law of conservation of momentum as in case of collision they reduce the speed of the passengers diluting the energy of the impact.Read More,Solved ExamplesCalculate the momentum of a ball thrown at a speed of 100 m/s and weighing 500g. GivenM = 500g and V = 100 m/s Momentum is given by, p = MVp = MVp = (500)(100) p = 50000
gm/sp = 5 x 104 gm/s = 50 kgm/sSuppose two balls with a mass of 5 Kg and 2 Kg are moving in the same direction at 6 m/s and 2 m/s respectively collide, and after the collision, the 5 kg ball is moving at a speed of 5 m/s. What is the speed of the 2 kg ball?Givenm1 = 5 kg and m2 = 2 kg Initial Velocities: ul = 6 m/s and u2 = 2 m/s Final Velocities: v1
= 5 m/s and v2 = ?According to the law of conservation of momentumm1lul + m2u2 = ml1vl + m2v2Now,(5)(6) + (2)(2) = (5)(5) + 2(v2)30 + 4 = 25+ 2(v2)2v2 = 34 - 25 = 9v2 = 4.5 m/sConsider a cannon that weighs 500 kg. It fires a cannonball at the speed of 200 m/s. The weight of the cannonball is 2 kg. Find the speed of the recoil for the



cannon. Givenm1 = 500 Kg and m2 = 2 KglInitial Velocities,Velocity of cannon (ul) = 0 m/sVelocity of cannon ball (u2) = 0 m/sFinal Velocities,Velocity of cannon (v1) = 0 m/sVelocity of cannon ball (v2) = 200 m/sUsing the law of conservation of momentummlul + m2u2 = m1lvl + m2v2(500)(0) + (2)(0) = (500)(v1) + 2(200)- 400 = 500(v1)vl =
-400/500v1 = -0.8 m/s (here, - sign indicates that the recoil motion of the cannon is opposite to the motion of the cannon ball)Thus, the cannon gun will recoil at a speed of 0.8m/s after firing the cannon. Find the velocity of a bullet of mass 8 grams when fired from a pistol of mass 2.4 kg. (Recoil velocity of the pistol is 1 m/s)Mass of Bullet, m1 = 8
gram = 0.008 kgMass of Pistol, m2 = 2.4 kglInitial velocity of the bullet, ul = Olnitial Recoil velocity of a pistol, u2 = 0Velocity of a bullet, vl =?Recoil Velocity of pistol, v2 = 1 m/sUsing the law of conservation of momentum,mlul + m2u2 = mlvl + m2v2(0.008)(0) + (2.4)(0) = (0.008)(v1) + (2.4)(1.5)0 = (0.008)(v1) + 3.6v1 = 3.6/(0.0008) = 450
m/sHence, the recoil velocity of the pistol is 450 m/s



