
 

 

 

 

 

The engine of a 500 kg rocket sled generates a 20,000 N force. There is a 

5,000 N friction force opposing the motion of the rocket sled. How long does 

it take for this sled to travel 1 km if it starts from rest? 
 

 

 
www.dailymail.co.uk/news/article-1106231/Murphys-Law-rules-Sixty-years-mishap-WAS-Mr-Murphy.html 

 

Discover the answer to this question in this chapter.   
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In the two previous chapters, a description of the motion of objects was given without 

worrying about what was causing the motion. In other words, we were doing kinematics. 

The causes of motion will now be studied. 

 

It is quite clear that a force must be 

exerted on an object at rest to set it in 

motion. This force can be a push or a 

pull. For example, a grocery cart 

must be pushed to set it in motion. 

 

 

montagepages.fuselabs.com/public/HalimaSaeed/forcesinScience/2618b61d-0a68-481f-9ff9-4392f7e1ad9c.htm 

 

There are several types of forces in nature. Here are some of these forces. 

 

- The gravitational force 

- Muscular forces 

- Friction forces 

- The electric force 

- The magnetic force 

 

All of these forces can set objects in motion. 

 

Intuitively, a force is, therefore, an action (pushing or pulling) exerted to change the state 

of an object. This is not the true definition of force, but it will be enough for now. A more 

formal definition will be given later in this chapter. 

 

A force is an action (pushing or pulling) exerted to change the state of an object. 

 

This definition lacks precision because it does not allow us quantify the force that acts on 

an object. 

 

In order to have a better definition of force, the effect of forces on objects must be known. 

This will be done in the next section. 

 

 

Forces Are Vectors 

 

There may be several forces acting on an object. In this case, the resultant force of these 

forces must be found. The magnitudes of the forces acting on an object are not simply 

added because the direction of the force is of crucial importance. The following situation 

shows why. 
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science.howstuffworks.com/innovation/scientific-experiments/newton-law-of-motion3.htm 

 

The huskies are pulling with a force F on each side of the sled. It is obvious that the 

resulting force is not 2F and that the forces rather cancel each other. This shows that the 

direction of the force is important, and, therefore, that forces are vectors. 

 

The net force acting on an object is thus the vector sum of the forces acting on the object. 

 

Net force or resulting force 

 

netF F=
� �

 

 

 

 

Dynamics 

 

The effect of these forces when they act on an object will now be determined, a branch of 

physics called dynamics (since dynamis means force in Greek). 

 

Dynamics exists for nearly 2,500 years, but the correct theory has been found a little less 

than 350 years ago by Isaac Newton. Why did it take almost 2,000 years for the true laws 

of dynamics to be found? 

 

 

 
Warning 

The following section is a historical background. The theories in this 

section are no longer accepted. However, much can be learned with this 

background as these theories seem so logical at first glance that they are 

often used intuitively. By knowing and understanding why these theories 

were rejected, their use can more easily be avoided. 
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Speed and Force Are Linked 
 

Early theories of dynamics date from the days of ancient Greece. According to these 

ancient theories, a force is needed to move an object. As the force increases, the object 

moves faster. As a result, force was quickly associated with the speed of objects. In a theory 

associating force and speed, the following elements are the basis of the theory. 

 

Effect of a Force According to Every Theory before Newton (Erroneous Theories 

Accepted for Nearly 2,000 Years) 

 

v = 0 if F = 0 

v = constant if F = constant 

If F increases, then v increases 

 

The exact formula linking the force with the speed is not given because there were many 

variants. 

 

The idea of associating force and speed seems quite logical. If a table is pushed, it moves 

at a certain speed. If you push harder, it moves faster. If you stop pushing, the table stops. 

The link between force and speed seems obvious. This association between force and speed 

should not be so bad since it was the only theory of motion for over 2000 years. During 

this period, nobody proposed to associate forces to something other than the speed of an 

object. Even today, it is easy enough to find someone who still makes this association. 

Many studies show that most people use an intuitive physics which associate force and 

speed. For example, many people think that if the force exerted to push a table is doubled, 

the table will move twice as fast. This is a clear association between speed and force. 

 

 

 

Some Problems 
 

However, the association between the force and the speed quickly leads to serious 

problems. The two primary problems are free-falling objects and projectiles. 

 

 

Free-Falling Objects 

 

The gravitational force does not change much with altitude. You do not feel that your 

weight is very different at the top of a mountain compared to what it is at the bottom of the 

mountain. But then, if the force is constant and if the force is associated with the speed of 

an object, the speed of a free-falling object should be constant. This is obviously not the 

case, and everyone knew at that time that the speed of a free-falling object increases 

(although they did not know how fast it increased). Therefore, the theory was contradicting 

the observations. 

 



Luc Tremblay   Collège Mérici, Quebec City 

 

2023 Version  3 – Newton’s Laws 5 

 

This problem was circumvented by giving a special status to gravitation. Gravity was not 

regarded as a force, but as a natural motion that followed different laws. (This is the theory 

of the natural position of the four elements seen in the previous chapter.) The association 

between force and speed applied only to other forces and the motion resulting from those 

forces was called the violent motion. 

 

Others tried to develop theories describing free fall using the same equations as for violent 

motion, but all these attempts were never satisfactory. 

 

 

Projectiles 

 

To illustrate the difficulties of the theory with 

projectiles, imagine that a hockey puck is pushed with a 

stick and that the puck then slid on the ice for some 

distance. 

 

 

 
inst.eecs.berkeley.edu/~cs61c/sp10/assignments/ice/ 

 

 

Initially, the puck is pushed with the stick. 

During this phase of the motion, there is no 

problem with the theory: the puck moves 

because the stick pushes it. Since there is a 

force, the puck can move. 

 

 

 
galleryhip.com/hockey-puck-on-ice.html 

 

Here’s the problem: why does the puck continue to move when it is no longer in contact 

with the stick? As soon as the contact between the puck and hockey stick ceases, there is 

no longer any force acting on the puck (assuming there is no friction). According to the 

theory, the puck should then be at rest since there is no force acting on the puck. The puck 

should then suddenly stop as soon as it loses contact with the stick. Obviously, this is not 

what happens. 

 

 

Some Solutions to the Projectile Problem 
 

As the puck continues to move when it is no longer in contact with the stick, there must be 

a force acting on the puck allowing it to continue moving according to the theory 

associating force and speed. It remained to find that force. There will be a feud between 

two theories for nearly 2000 years. According to one theory, air is creating the force, and 

according to the other theory, the projectile makes its own force. 
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Air Is Making the Force 

 

Aristotle, who made one of the first theories of motion associating force and speed, 

proposed that air is the cause of the motion of a projectile. 

 

He even proposed a mechanism to explain the force. When 

the puck moves forward, it pushes the air which then circles 

the puck to fill the void created behind the puck by its 

motion. By striking the rear of the puck, this air pushes the 

puck, and this is what makes the force that allows the puck 

to move forwards! If you find Aristotle’s theory a little far-

fetched, you will be relieved to learn that you are not alone. 

Already, Aristotle’s contemporaries were not satisfied with 

this explanation 

 

But even if this mechanism was not accepted, many accept that air is the cause of the 

motion of the projectile. This leads Aristotle and his followers to believe that the motion 

of an object would be impossible in vacuum. 

 

 

 

Impregnated Force Theories 

 

It seems that Hipparchus (2nd century BC) devised this new solution first, but his writings 

on the subject have been lost (only some comments on his theory are known). It was then 

reinvented several times throughout history by, among others, Philoponus (6th century), 

Jean Buridan (14th century) and Giovanni Battista Benedetti (16th century). 

 

This theory specifies that by applying a force on an object, the object is filled with force, 

i.e. the object is impregnated with force. This is the theory of the impregnated force. The 

force needed to push the object is, therefore, contained within the object itself. Let’s go 

back to the example of the puck to illustrate this theory. When the puck is pushed with the 

stick, the puck is impregnated with force. Once the force of the stick on the puck ceases, 

this impregnated force in the puck is the force that allows the puck to keep moving 

forwards. The cause of motion no longer comes from outside the object, as it was the case 

with the air motions Aristotle proposed, but now comes from the object itself. (This 

impregnated force took different names at different times and places, the most famous 

being impetus.) 

 

In some versions of the theory, the frictional force gradually eliminated this impregnated 

force, while in other versions it simply dissipates, much like a hot object loses heat as it 

cools. As the force dissipated, the speed of the object decreased. 

 

This theory explains why it was thought that the trajectory of projectiles had the form 

shown in the figure. 

 

www.mathpages.com/home/kmath6

41/kmath641.htm 
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Initially, the projectile is full of impregnated force and makes a rectilinear motion in the 

direction it was launched. When the 

impregnated force is very large, 

there is no natural motion (i.e. 

gravitation) acting on the projectile. 

When the impregnated force has 

dissipated somewhat (point B) the 

natural motion of the projectile 

begins and the trajectory curves 

downwards. When the impregnated 

force is completely dissipated 

(point D), only the natural motion 

due to gravity remains and the 

trajectory is then a precisely 

vertical motion downwards. 

www.sciencedirect.com/science/article/pii/S0893608011000852 

 

 

Some Interesting Results 

 

A Constant Speed without Friction 

 

It was already said that, according to some, the impregnated force slowly dissipated and 

that, according to others, friction made it disappear. If the dissipation is due to friction, 

there is an interesting corollary: if there is no friction, the impregnated force does not 

decrease, and the object continues to move at a constant speed. Buridan had similar ideas 

as soon as the 14th century. It will be seen that this idea, although based on a false physics, 

looks somewhat like Newton’s first law.  

  

The idea remained marginal until the early 17th century. Then, Galileo gave many new 

arguments in favour of this idea. For example, Galileo uses the following idea to show that 

the speed should be constant on a horizontal surface: when a ball moves away from the 

ground, its speed decreases, and when a ball approaches the ground, its speed increases. 

Therefore, the speed of the ball should be constant if the ball rolls on a horizontal surface 

as the ball does not move away nor approaches the ground then. 

 

 
Haber-Scham et al., Physique PSSC, CEC, Montréal, 1974 
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Note that, according to Galileo, a constant speed motion that goes around the Earth is 

obtained. Thus, in the absence of friction, objects should be on a circular motion at constant 

speed.  

 

Even if Galileo’s arguments were still based on an impregnated force theory, they were 

convincing enough to make the idea of a constant speed in the absence of friction 

significantly more widespread. 

 

Pierre Gassendi (1641) and René Descartes (1644) took up this idea but said that the motion 

would rather continue in a straight line (an idea already proposed by Benedetti in 1585). 

Actually, this principle is one of the foundations of the Descartes system which had a great 

influence during the second half of the 17th century. At the time, Descartes decided to reject 

all existing theories of motion and build a new theory established on simple and obvious 

assumptions. His whole system was based on the idea that there must be a contact or a 

collision with another object to change the motion of an object and that objects move at a 

constant speed in a straight line between collisions. Descartes thus took up Galileo’s idea 

that objects continue their motion at a constant speed if nothing acts on them but modified 

Galileo’s conclusion by stating that this motion must be in a straight line. Descartes’s idea 

was not based on observations. Instead, he used arguments of simplicity and of the 

constancy of God’s actions to justify this assumption. Descartes’s system did not lead to a 

revolution in mechanics since his assumptions about collisions, which formed the heart of 

his theory, were all false except one! The veracity of these assumptions was supposed to 

be so obvious according to Descartes…The fact remains that Descartes has greatly 

contributed to propagate the idea that motion of an object is done at constant speed in a 

straight line if nothing interferes with the motion of the object. 

 

 

A Constant Force Increased the Speed 

 

As soon as the 14th century, some thinkers used the theory of impregnated force to explain 

why the speed of free-falling increases. The gravitational force, acting continuously during 

the fall, would constantly add more impregnated force within the object, which would 

increase its speed. 

 

Benedetti even concluded in 1585 that if this is true for gravitation, it must also be true for 

all other forces. Thus, a constant force would continually increase the impregnated force, 

thereby increasing the speed of the object. According to Benedetti, a constant force would 

then continually increase the speed of an object. This idea, although based on a false 

physics, looks somewhat like Newton’s second law (that will be seen later in this chapter). 

Needless to emphasize that this idea totally conflicted with the fundamental idea of the 

theory that says that a constant force gives an object a constant speed! 

 

 

 

 

 



Luc Tremblay   Collège Mérici, Quebec City 

 

2023 Version  3 – Newton’s Laws 9 

 

A Theory That Never Overcame These Difficulties  
 

These difficulties meant that the theory associating speed and force never gave useful 

results. Despite 2000 years of efforts, the problems mentioned above were never overcome 

so that a working theory was never obtained. Several variants of the equation linking force 

and speed (written very differently from modern equations) were proposed, but none 

managed to satisfy everyone. 

 

 

 

 

 

Even after Galileo showed that the acceleration of free-falling objects is constant, no 

scientists of the time thought of associating force and acceleration (except for those who 

challenged Galileo’s conclusions...). As it is not hard to show that the gravitational force 

is almost constant regardless of the height (by fixing, for example, an object to a spring 

and measuring the elongation of the spring at different altitudes), it would have been quite 

easy to make the following association. 

 

Constant force constant acceleration  

 

This then leads to associate force with acceleration rather than with speed. Yet, no one 

made this association in those days and it even took two generations before someone did 

it. Two major obstacles prevented this association. 

 

1) In the 17th century, the effects of forces were sought almost exclusively through the 

study of collisions. These collisions being very brief, it is difficult to know the 

acceleration of objects. The emphasis was rather given to the speed of the objects 

before and after the collision. Thus, these studies led naturally towards 

measurements of the change of speed in the collision and an association between 

force and speed (with v or v², you will understand why in the chapter on collisions).  

 

2) The link between a constant gravitational acceleration and a constant gravitational 

force was not made simply because the scientists of the time did not consider 

gravity as a force, but as a natural motion governed by other laws. However, some, 

like Galileo and Gassendi, tried to show that gravitation is a force like any other 

force. 

 

For the association of force and acceleration to be made, gravitation had to be put in the 

foreground and considered to be a force like any other forces. Some, like Gassendi and 

Wallis, seem to have been close to achieve this but only mention the idea as a mere 

possibility. Huygens had started to develop the association between force and acceleration, 

but he never completed the theory. Maybe today, we would speak of Huygens’s laws rather 

than Newton’s laws if he had finished the job (perhaps this would have been a bad thing 

because it is quite difficult to correctly pronounce Huygens’s name). 
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Isaac Newton was the first to develop the association between force and acceleration. 

Discussions with other English scientists, including Robert Hooke and Edmund Halley, 

had led him to study the orbits of planets. However, these motions are governed solely by 

the force of gravity between the planets and the Sun. Thus, Newton put gravitation in the 

foreground, and he came naturally to the conclusion that everything is much simpler if 

force is associated with acceleration. This association between force and acceleration 

means that 

 

Effect of a Force According to Newton 

 

a = 0 if F = 0 

a = constant if F = constant 

If F increases, then a increases 

 

Newton then drew important conclusions which became Newton’s laws. He published his 

results in 1687. 

 

 

 

 

The Law 

 

What happens in the absence of force if force is associated with acceleration? An absence 

of force means that the acceleration is zero, which means that the speed is constant.  

 
Newton’s First Law or Law of Inertia 

 

If there is no net external force exerted on an object, then 

the velocity of the object is constant (magnitude and direction). 

 

 

(We have seen that the idea of a straight-line motion at constant speed has been known 

since 1641 but Newton is the first to formulate it with reference to forces.  For example, 

Descartes’ version states that any object maintains a constant speed (in magnitude and 

direction) until it collides with another object. Descartes’ version seems to be limited to 

the specific case of collisions, but this is not the case since all forces must ultimately be 

explained by collisions in Descartes’ system.) 

 

The force exerted on the object must be made by another object, hence the name external 

force. The force cannot come from within the object itself (as was the case with the 

impregnated force). The object cannot change its own motion. This is what inertia means, 

hence the other name law of inertia given to this law. 
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Newton truly revolutionized physics with this law, which is the cornerstone of the 

association between force and acceleration. To illustrate why, the problem of the gliding 

puck is revisited to understand what is happening according to Newton. When the puck is 

pushed with the stick, a force is speeding up the puck. The puck, initially at rest, then picks 

up speed as the stick pushes it. When the contact between the stick and the puck stops, 

there is no longer any force acting on the puck, and it stops accelerating. It, therefore, 

continues to slide at a constant speed (if there is no friction). According to Newton’s 1st 

law, it is then quite normal for the puck to continue its motion. It is not necessary to invoke 

any air motion or impregnated forces so that the object can move. One of the major 

problems of prenewtonian mechanics disappeared at once. 

 

 

Demonstration 

 

It can be shown that objects continue moving at the same speed in the absence of force by 

examining what is happening during a car accident. When your car is moving at constant 

speed, there is no net force on you. No force is needed to push you so that you can move 

forward. Besides, you do not feel a force pushing you when you are in a car moving at a 

constant speed. The forces exerted by the seat (which are there to cancel gravitation) are 

the same forces as the forces acting on you when the car is at rest, the feeling is the same. 

You feel additional forces only when the speed of the car changes. Then, a force on you is 

needed so that you can accelerate with the car. Imagine now that the car hits a wall. Once 

it comes in contact with the wall, a force is exerted on the car to slow it down. If the driver 

is not wearing a seatbelt, nothing is tying him back to the seat, and no force can be exerted 

on him. He then continues its motion at a constant speed while the car is stopping. In the 

end, he runs into the steering wheel and the windshield. Look closely at this crash test 

dummy in this video to see that it continues moving with its original speed during a 

collision. 

http://www.youtube.com/watch?v=d7iYZPp2zYY 

(Small note about road safety: without a seatbelt, the passenger of the car stops on the 

wheel and the windshield with a stopping distance of only a few centimetres. With such a 

small stopping distance, the acceleration is huge, which implies that the forces acting on 

the passenger are huge too. These gigantic forces acting on a human body will do much 

damage. With a seatbelt [or an air bag], something now prevents the passenger from 

continuing its motion. The passenger then remains in his seat and stops with the same 

acceleration as the car. According to the laws of kinematics, the acceleration is smaller 

when the stopping distance is longer. The stopping distance of the passenger compartment 

must then be maximized to decrease the acceleration. To achieve this, the front of the car 

should be able to crumple without causing distortion of the passenger compartment. The 

following video shows that the interior of 2009 cars deforms much less than the interiors 

of 1959 cars. 

http://www.youtube.com/watch?v=fPF4fBGNK0U&NR) 
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The 1st Law Is True According to the Relativity Principle 

 

A fairly simple justification to Newton’s first law can be given. Let’s say there’s a 

flowerpot sitting on a table on a train. For a person on the train (we’ll call him Bob), the 

pot is at rest and there is no force acting on 

the pot. That’s what Newton’s First Law 

says, but it’s also what the theories that 

associated force with speed said. 

 

 

Now. Let’s take the point of view of an observer on the ground (we’ll call him Joe) 

watching the train pass by. 

 

 
www.mathsisfun.com/physics/relativity.html 

 

If there is no force on the flowerpot according to Bob, then there must be no force according 

to Joe. Joe then sees the flower pot moving at constant speed when there is no force acting 

on the flower pot. Taking Joe’s point of view, we can conclude that the speed can be 

constant when there is no force. That’s what Newton’s First Law says, but it’s contrary to 

what the theories that associate force with speed said. So, we get Newton’s First Law if it 

is assumed that physics is the same for all observers, no matter how fast they are moving. 

This principle is called the relativity Principle. Pierre Gassendi gave virtually the same 

arguments (it was a boat rather than a train) in 1642 to justify that the speed could be 

constant when no forces are acting on an object. 

 

 

Movie Mistakes 

 

Yet, it is pretty easy to find mistakes made these days in which Newton’s first law is not 

respected and where a theory associating force and speed is still used. These errors are 

mostly found in science fiction movies. In space, there is no friction and, if there is no star 

or planet close by to exert a gravitational force, the only force acting on a spaceship is the 

force exerted by the engine. In the movie, there is often a scene where the engine is broken, 

and the spaceship stops. This is, of course, an error. If the engine stops, there is no longer 

any force exerted, and thus the spaceship should continue at a constant speed! Moreover, 

why was the engine running in the first place? The engine should be run at the start to give 

speed to the spaceship; then the engine should be stopped letting the ship moves at a 

constant speed, and finally the engine should be used to slow down the spacecraft. This is 
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basically how they proceeded to send astronauts to the Moon. If the engine were running 

all the time, the spaceship would accelerate endlessly. Then the spaceship would be going 

pretty fast on arrival, and it would not be easy to stop it. If the trip lasts two weeks, they 

cannot speed up for two weeks and then slow down in two minutes; imagine the 

acceleration then! Rather, if they absolutely want to use the engine all the way, it would be 

better to accelerate for a week and then to slow down for a week. 

 

There is also a big Newton’s first law error in this scene of Gravity. 

http://physique.merici.ca/mecanique/Gravity.wmv 

Everything is fine for the first 39 seconds of this clip. Then, things start to go wrong. Once 

George Clooney holds the end of the rope, he has a constant speed (which is the same speed 

as Sandra Bullock’s speed). From that moment on, there is a significant problem with 

Newton’s first law. In the movie. George must continuously hold the rope to maintain its 

speed. In reality, the rope is not useful since no force is required for George to move at a 

constant speed once he has the same speed as Sandra. When George let go of the rope, he 

should continue to move at the same speed and stay at the same distance from Sandra. Yet, 

in the film, George begins to move away from Sandra as if a force was required to continue 

to move at a constant speed. (If they were in the atmosphere, the scene would make sense 

because the force made by the rope would compensate for the drag force (air friction). As 

there is no air in space, this scene is completely wrong.) 

 

Common Mistake: talking about a force of inertia 
 

There is no force of inertia. People will sometimes say that a moving object 

continues its motion in a straight line because the force of inertia acts on 

the object. It is true that inertia causes the object to continue its motion, but there is no 

force of inertia. The object keeps the same speed without any force acting on it. People 

who attribute this constant-speed motion to a force of inertia still use pre-Newtonian 

physics that associates force with speed. For them, a force must be present for the object 

to continue at constant speed and that is why they refer to a force of inertia. 

 

 

 

 

Effect of a Force 

 

If forces are accelerating objects, what is the acceleration exactly? 

 

Imagine that the following experiment is performed to see what happens when a force acts 

on an object. (By the way, Newton did not do that kind of experiment. He obtained this 

formula by assuming that free-falling objects all have the same acceleration.) Three 

identical springs are attached to three objects of different masses (1 kg, 2 kg, 3 kg). A force 

is exerted on each of the springs so that the stretching of the springs is always identical. 

This ensures that the force exerted by each spring on each cart is the same since the force 
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exerted by a spring depends on its stretching. The acceleration is then measured, and the 

values shown in the diagram are obtained.  

 

 
www.nuffieldfoundation.org/practical-physics/constant-and-varying-forces-between-trucks 

 

Since the stretching of the springs are all identical, we have 
 

1constantF =  
 

With these values, it can be seen that the product of mass and acceleration (ma) is a 

constant. 
 

2constantma =  
 

Therefore, 
 

1

2

constant

constant

constant

F

ma

F

ma

=

=

 

 

The value of this constant is quite arbitrary. The simplest choice is constant = 1 so that 
 

F ma=  
 

Actually, this equation is our true definition of force. The force can be obtained from the 

mass and acceleration that this force generates. 

 

Apart from the choice of the constant, this definition is not arbitrary. There are two 

fundamental aspects of nature that are found in this law:  
 

1) The force is related to the acceleration. 

2) The acceleration is smaller if the mass is greater (if the force is always of the same 

magnitude). 
 

This video, in which two balls of different masses are launched with two identical forces, 

shows what this law means. 

http://www.youtube.com/watch?v=iwP4heWDhvw 

 

In this other video, two objects of different masses are pulled by an elastic band placed 

between them. As an elastic band exerts the same force at each end, the same force acts on 

each object. The mass of the objects are different, and the force is the same, so the heavier 
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object has a smaller acceleration. (The video is called Newton’s third law, but it is really a 

demonstration of the Second Law…) 

http://www.youtube.com/watch?v=D4j5bcaV2Ws 

The acceleration of the objects in this video could have been calculated to show that it is 

inversely proportional to the mass as stated by Newton’s second law. 

 

 

Measurement of Force: The Newton 
 

As a force is the result of a multiplication of mass and acceleration, the unit of force is 

kgm/s². Since it takes a long time to write this down, a new name was given to this unit: 

the newton (N). 

 

The Newton 

 

21 1
kgm

s
N =  

 

To give you a rough idea of what one newton is, it takes about 10 N to lift a 1 kg mass. 

 

 

Newton’s Second Law 

 

With several forces acting on an object, the sum of the forces must be found first to find 

the acceleration of the object. This is Newton’s second law. 

 

Newton’s Second Law 
 

F ma=
�

�

 

 

In components: 
 

x x y y z z
F ma F ma F ma= = =    

 

It can be thought that the first law becomes useless since it can easily be obtained from the 

second law by assuming that the net force is zero, but it seems that there are some subtleties 

(concerning the definition of inertial frame) that make the first law really necessary. 

 

(In fact, Newton never wrote the law in this form. Newton uses geometric methods and he 

has no way of representing acceleration with his approach. Its wording is 

 

A change in motion is proportional to the motive force impressed 

and takes place along the straight line in which that force is 

impressed. 
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The wording doesn’t seem very clear, but you can click on this link to understand what 

Newton meant. 

http://physique.merici.ca/mechanics/FmaNewton.pdf 

 

Before seeing Newton’s second law appears in the form known now, Newton’s geometric 

approach had to be abandoned and a more algebraic approach had to be used. Jakob 

Hermann was the first to begin a reformulation of Newton’s physics using the Leibniz 

differential calculation. Thus, he became the first, in 1716, to write Newton’s 2nd law in 

the form of F = ma (actually, he arrives at F dt = dv where F is the force per unit of mass). 

Hermann arrived at this form in the middle of a proof and the wording is not very explicit. 

Ultimately, the Swiss Leonard Euler was the first to clearly formulated F = ma, but he had 

to pass through F = ma/n (1736), F = 2ma (1750) and F = ma/2g (1765) before arriving at 

F = ma in 1775. All those formulations are equivalent to F = ma but with a different choice 

of constant in F/ma = constant. 

 

At the beginning of the 18th century, Newton’s methods were just one method amongst 

many used at the time to solve mechanical problems. Newton’s geometric method makes 

calculations very difficult and even Euler, probably the greatest mathematician of all time, 

has difficulty applying the method. However, Euler reformulated Newton’s methods to 

essentially at the from used today. From this point on, Newton’s laws became much easier 

to use and became the method for solving mechanical problems.) 

 

 

Applications of Newton’s Second Law 
 

Following a problem-solving method in dynamics is important. This method is 

 

 

1) Find all the forces acting on the object that is studied.  

 

In this chapter, the forces are given. From next chapter on, the forces will 

be found. 

 

2) Resolve these forces into their x and y-components. This implies that an axis system 

must be chosen. (We will see in the next chapter how to choose these axes. For 

now, use an x-axis towards the right and an upwards pointing y-axis.) 

 

3) Apply Newton’s second law 
 

x x y y
F ma F ma= =   

 

4) Solve these equations to find the unknowns. 
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Example 3.5.1 
 

The engine of a 500 kg rocket 

sled generates a 20,000 N force. 

There is a 5000 N friction force 

opposing the motion of the 

rocket sled. How long does it 

take for this sled to travel 1 km 

if it starts from rest? 
cnx.org/content/m42073/latest/?collection=col11406/latest 

  

The time can be found with the kinematics equations if the acceleration is known. This 

acceleration is found with Newton’s second law. 

 
Forces Acting on the Object 

 

The forces acting on the object are shown in the diagram. (There are more forces 

acting than those shown but we’ll consider only those 2 forces.) 

 
Sum of the Forces 

 

With a horizontal axis pointing towards the right, the net force is  
 

( )20,000 5,000 15,000
x

F N N N= + − =  

 
Newton’s Second Law 

 

Newton’s second gives 
 

15,000 500

x x

x

F ma

N kg a

=

= ⋅


 

 
Solving the Equation 

 

²

15,000 500

30

x

m
x s

N kg a

a

= ⋅

=
 

 

With the acceleration, the solution can now be found. Starting from rest, the time 

required to travel 1000 m with such an acceleration is 
 

( )

21
0 0 2

21
2 ²

1000 0 0 30

8.165

m
s

x x v t at

m m m t

t s

= + +

= + + ⋅ ⋅

=
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Components of the Forces 
 

Before solving problems, you must know how to resolve forces into their x and y 

components. Here’s a brief summary of the way to resolve a force vector into components. 

 

 

 

The diagram to the right shows what the two components of a 

force are. The components can easily be found with 

trigonometric functions. 

 

 

  
 

For the x-component, a triangle is formed, as shown in the 

diagram. 

 

The x-component is, therefore, found with 

 

cos x
F

F
θ =  

cosxF F θ=  

 
 

For the y-component, a triangle is also formed, as shown in the 

diagram. 

 

The y-component is thus found with 

 

sin
y

F

F
θ =  

sin
y

F F θ=  

 

The following table summarizes everything that is known about the horizontal and vertical 

components of the forces. 

 

Components of a Force 

 

Forces Directed Along the x-axis 

 

 

50 0

50 0

x y

x y

F N F N

F N F N

= =

= − =
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Forces Directed Along the y-axis 

 

 

    
0 0

50 50

x x

y y

F N F N

F N F N

= =

= = −
 

 

Forces in Any Direction 

 

 

 

 

50 cos55

50 sin 55

x

y

F N

F N

= ⋅ °

= ⋅ °
 

 

 

To resolve into components, the angle between the force and the positive x-axis must be 

found. With this angle, those formulas always give the good signs, and it is never necessary 

to add a negative sign to get the right component. Of course, there are other ways to find 

the components, and you can use them if you are comfortable with these methods. 

However, a large proportion of errors in problem-solving with Newton’s laws comes from 

a faulty resolution of forces into components. By always using the angle between the force 

and the positive x-axis, you will surely avoid these errors. Here’s a good trick to find the 

angle if you’re not sure: draw the force vector and the positive x-axis starting from the 

same point and find the angle between these two vectors. This is the method that will be 

used in the next few examples. 

 

There is only one danger; the angle may be negative! The rule is: the positive direction is 

always in the direction of rotation from the positive x-axis towards the positive y-axis. The 

diagram on the right shows you the positive and negative directions of rotation in two 

situations. 
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The sign of the angle is found by finding the direction of the rotation when going from the 

positive x-axis towards the force. If the rotation is in the positive direction, the angle is 

positive and if the rotation is in the negative direction, the angle is negative. Here are some 

examples for the values of the angles (with the correct sign). 

 
 
 

Example 3.5.2 
 

A 100-ton barge is pulled by the forces shown in the diagram (the 3000 N force is the 

friction force exerted by the water). What is the acceleration of the barge? 

 

 
curricula2.mit.edu/pivot/book/ph0503.html?acode=0x0200 

 

The two components of the acceleration are found from the net force with Newton’s 

second law. 

 
Forces Acting on the Object 

 

The 3 forces acting on the object are shown in the diagram. (There are more forces 

acting than those shown but we’ll consider only those 3 forces.) 
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Sum of the Forces 

 

Using the axes shown in the diagram, the 3 forces will be resolved into components. 

 

F1 (top tug) 
 

1

1

10,000 cos30 8660

10,000 sin 30 5000

x

y

F N N

F N N

= ⋅ ° =

= ⋅ ° =  

 

F2 (bottom tug) 
 

( )

( )

2

2

10,000 cos 30 8660

10,000 sin 30 5000

x

y

F N N

F N N

= ⋅ − ° =

= ⋅ − ° = −  

 

F3 (friction) 
 

3

3

3000

0

x

y

F N

F N

= −

=  

 

Therefore, the net force components are 
 

( )

( )

8660 8660 3000 14,320

5000 5000 0 0

x

y

F N N N N

F N N N N

= + + − =

= + − + =




 

 
Newton’s Second Law 

 

Newton’s Second Law leads to these 2 equations. 
 

14,320 100,000

0 100,000

x x x

y y y

F ma N kg a

F ma N kg a

= → = ⋅

= → = ⋅




 

 
Solving the Equations 

 

The components of the acceleration are 
 

²

²

14,320
0.1432

100,000

0
0

100,000

m
x s

m
y s

N
a

kg

N
a

kg

= =

= =
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Example 3.5.3 
 

Three astronauts exert forces on a small 

20-ton asteroid. What is the unknown force 

(magnitude and direction) in the diagram if 

the asteroid has an acceleration of 0.01 m/s² 

in the direction of the positive x-axis?   

 

 

 
www.chegg.com/homework-help/questions-and-

answers/chapter-05-problem-005-three-astronauts-

propelled-jet-backpacks-push-guide-141-kg-asteroid-

q27111219 
 

Since the acceleration is known, the components of the net force can be found with 

Newton’s second law. 

 

Forces Acting on the Object 

 

The 3 forces acting on the object are shown in the diagram. 

 
Sum of the Forces 

 

Using the axes shown in the diagram, the 3 forces will be resolved into components. 
 

F1 (bottom astronaut) 

1

1

32 cos 30 27.71

32 sin 30 16

x

y

F N N

F N N

= ⋅ ° =

= ⋅ ° =  

 

F2 (middle astronaut) 

2

2

55

0

x

y

F N

F N

=

=
 

 

F3 (bottom astronaut) 

3 3

3 3

x x

y y

F F

F F

=

=  

 

When the magnitude or the direction of a force is not known, it is better to write the 

components Fx and Fy  rather than Fcosθ and Fsinθ. The resulting system of 

equations is much easier to solve then. 

 

The components of the net force are, therefore, 
 

33

33

16 027.71 55

1682.71

y yx x

yx

F N N FF N N F

N FN F

= + += + +

= += +
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Newton’s Second Law 

 

The components of the acceleration are given. 
 

20.01

0

m
x s

y

a

a

=

=
 

 

Thus, Newton’s second law gives us those 2 equations. 
 

23

3

82.71 20,000 0.01

16 0

m
x x x s

y y y

F ma N F kg

F ma N F

= → + = ⋅

= → + =




 

 
Solving the Equation 

 

From x-component equation, the x-component of the force is obtained. 
 

23

3

3

82.71 20,000 0.01

82.71 200

117.29

m
x s

x

x

N F kg

N F N

F N

+ = ⋅

+ =

=

 

 

From y-component equation, the y-component of the force is obtained. 
 

3

3

16 0

16

y

y

N F

F N

+ =

= −
 

 

From the components, the magnitude of the force can be found. 
 

( ) ( )

2 2

2 2
117.29 16

118.4

x y
F F F

N N

N

= +

= + −

=

 

 

From the components, the direction of the force can be found. 
 

arctan

16
arctan

117.29

7.77

y

x

F

F

N

N

θ =

−
=

= − °
 

 

The force applied by the third astronauts is thus a 118.4 N force at -7.77°. 
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Graphs of Motion 

 

The Net Force Graph is Identical to the Acceleration Graph 

 

Since the net force is directly proportional to the acceleration according to Fnet= ma, the 

graph of the net force acting on an object as a function of time is identical to the acceleration 

graph, except that the scaling of the vertical axis is different. For example, here are the 

graphs of the net force acting a 5 kg object and of the acceleration of this object. 

 

 
 

The two graphs are identical, apart from the scaling of the vertical axis. 

 

 

Impossible Graphs 

 

Here’s a graph of an object’s position as a function of time. 

 

Although this graph looks quite legitimate, it represents an 

impossible motion. To understand why, the velocity of the 

object will be plotted.  

 

 

 

Between t = 0 s and t = 1 s, the speed is zero (since the 

slope is zero). Then the velocity of the object is constant 

and positive from t = 1 s to t = 4 s and the speed finally 

returns to zero (zero slope) between t = 4 s and t = 5 s. 

 

 

The acceleration of the object, which is the slope on the velocity graph, can then be found. 

The acceleration is always zero except at t = 1 s and t = 4 s where it is infinite. However, 

an infinite acceleration means that the force acting on the object is also infinite, which is 

impossible. This motion is 

thus impossible. The problem 

comes from the sudden change 

in the value of the slope on the 

position graph. For the motion 

to be physically possible, the 

slope must change gradually. 
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With a graph of the position where the slope has no sudden jump, a continuous graph is 

obtained for the speed and the acceleration is never infinite. Note that there can be sudden 

jumps of the slope in the graphs of velocity and acceleration. 

 

 

 

The Law 

 

The forces are always generated by the interaction between 2 objects. It can be, for 

example, a contact force generated during a collision between two objects, a gravitational 

force of attraction between two planets or an electric repulsion force between 2 objects 

with identical electric charges. For all interactions, the 2 objects always subjected to a 

force. 

 

The forces always come from the interaction between 2 objects. Every 

object that interacts is subjected to a force. 

 

Let’s illustrate this with a collision. Suppose that ball A is moving towards a motionless 

ball B. 
 

 

 

 

 
 

www.youtube.com/watch?v=yRj_7CO38GA 

 

After the collision, ball B moves towards the right while the ball A has lost some speed. 

 

If ball B is now moving towards the right, then there has been an acceleration towards the 

right, which implies that there was a force directed towards the right on this ball. 

 

If ball A has lost speed, then there has been an acceleration in the opposite direction of the 

velocity, so towards the left. There has, therefore, been a force towards the left in the 

collision acting on ball A. 

 

Therefore, the following forces are exerted during the collision. (The force acting on object 

A made by object B is denoted FAB. The force acting on object B made by object A is 

denoted FBA.) 
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You surely notice that the two forces are in opposite directions. The force on ball B is 

towards the right, and the force on ball A is towards the left. The forces are always in 

opposite directions like this, no matter the type of force. 

 

The forces always come from the interaction between 2 objects. Every 

object that interacts is subjected to a force and the forces are always in 

opposite directions. 

 

But wait, it goes even further. The force acting on object A always has the same magnitude 

as the force acting on object B. If the forces did not have the same magnitude, then the 

objects could accelerate on their own without any external force, which would be contrary 

to Newton’s first law (this justification, which will be proved only in chapter 11, is 

essentially the same as the one given by Newton). We therefore come to the following 

conclusion. 

 

Newton’s Third Law 

 

The forces always come from the interaction between 2 objects. Every object 

that interacts is subjected to a force and the forces have the same magnitude, 

and are always in opposite directions. 
 

AB BAF F= −
� �

 

 

It is then said that these two forces are related by Newton’s third law. 

 

These two forces have the following properties. 

 

1) The two forces are of the same type. If the force on object A is a gravitational 

force, then the force on object B must also be a gravitational force. Two forces of 

different kinds, like gravity and a force exerted by a spring, for example, cannot be 

related by Newton’s third law. 

 

2) The two forces never act on the same object. If object A exerts a force on object 

B, then object B exerts a force on object A. The two forces act on different objects. 

 

 

Common Mistake: Forgetting These 2 Properties 
 

Forgetting those properties (or ignorance them) sometimes leads to the 

following paradox: how can there be any motion if Newton’s third law is 

true? If, for every force, there is an opposite force of equal size, the sum of the forces must 

always be zero. If a cart is pushed with a force of 50 N, then there is another 50 N force in 

the opposite direction. The sum of these forces is zero and the cart should not speed up! 

This argument is not correct because it is important to consider on which object the force 

acts. If Tony pushes a cart with a 50 N force, then the cart exerts a 50 N force on Tony. To 

determine the acceleration of the cart, only the forces acting on the cart must be considered. 
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The second 50 N force being applied on Tony must not be considered when calculating the 

acceleration of the cart. This is what the author of this video has not understood. 

http://www.youtube.com/watch?v=X2cis7-SpmY 

 

Newton’s 3rd law also means that for every force, another opposite force must exist 

somewhere in the universe. The forces always come in pairs. It is impossible to have a 

force without having, somewhere, another force related to it by Newton’s third law. There 

is no exception to this rule. 

 

Newton’s 3rd law is often formulated as the law of action and reaction: to every action, 

there is an equal and opposite reaction. This formulation should be avoided since it suggests 

that the two forces are not acting simultaneously, that the reaction occurs shortly after the 

action. The two forces related by Newton’s third law always act simultaneously and are 

perfectly symmetrical. There is no force that takes precedence over the other force. 

 

 

How to Find the Two Forces Related by Newton’s Third Law 

 

If the forces come in pairs related by Newton’s third law, how can these two forces be 

found? Here’s the trick, illustrated by an example. Suppose we have the following force: 

 

The Earth exerts a force of gravity on the Moon. 

 

To find the related force, simply switch the two objects (Earth and Moon) in the sentence 

to obtain: 

 

The Moon exerts a force of gravity on the Earth. 

 

These are the two forces related by Newton’s third law. By doing this, we ensure that we 

have the same type of force and that the two related forces do not act on the same object. 

 

 

Demonstrations of the Law 

 

A collision is featured in this first video. 

http://www.youtube.com/watch?v=T8eLWEeQXkc 

When the person on the left collides with the person on the right, the latter experiments a 

force towards the right which gives him an acceleration while the collision lasts, which 

eventually gives him some speed. A force also acts on the person on the left since he slows 

down. If he has slowed down, then the force must be opposed to his motion and so is 

directed towards the left. This shows that there is a force on each person in this collision 

and that these forces are in opposite directions as predicted by Newton’s third law. 

 

If a person pushes on a wall, then the wall also pushes the person according to Newton’s 

third law. Yet, this does not seem to have any effect since the wall does not eject the person. 

The presence of the force exerted by the wall is less obvious because the friction made by 
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the ground prevents him from moving. If friction is eliminated, by using skates on ice for 

example, then the effect becomes more obvious. If the skater push on the board of the ice 

rink, he exerts a force on the board and, according to Newton’s third law, the board exerts 

a force on the skater in the opposite direction. This force speeds him up so that he moves 

away from the board. 

 

 
 

www.sparknotes.com/testprep/books/sat2/physics/chapter6section2.rhtml 

 

Here’s a demonstration of this (with a skateboard) in this video. 

http://www.youtube.com/watch?v=Em0R896soTA 

 

Newton’s third law also explains what is happening in this video. 

http://www.youtube.com/watch?v=pyVTNyzQ1bI 

(Daryl is on the chair to the left and Raphael is on the chair to the right.) 

When Daryl pushes Raphael’s chair, the two chairs are accelerating. Raphael’s chair 

accelerates since Daryl exerted a force on that chair. Daryl’s chair is also accelerating 

because, according to Newton’s third law, Raphael’s chair exerted a force towards the left 

on Daryl when Daryl exerted a force towards the right on Raphael’s chair. It is this force 

that propelled Daryl’s chair towards the left. 

 

If, like me, you were involved in a fight in high school and did not really know how to 

fight, get some comfort by telling yourself that you have given great blows to the fist of 

your opponent with your face (my greetings here to Michel Gouin). Indeed, each time your 

opponent gave you a punch and thus exerted a force on your face, your face exerted the 

same force on the fist of your opponent. Poor little fist! You can see this pain in this video. 

http://www.youtube.com/watch?v=crdbnEMCt58 

 

The above examples showed that there are indeed two forces, but it was rather difficult to 

say whether the two forces have the same magnitude. It is easier to see that these two forces 

have an equal magnitude in the following video. Many collisions between two carts of 

different masses can be seen. Again, when cart A exerts a force on cart B during the 

collision, then cart B also exerts a force on cart A in the opposite direction. A force then 

acts on each cart. What makes this video interesting is the presence of a ring in front of 

each cart, which deforms when a force acts on the cart. The greater the force on the cart, 

the more the ring is deformed. Note that during each collision, the deformation of the rings 

of the two carts is always identical, indicating that the force on each cart is the same as 

predicted by Newton’s third law. 

http://www.youtube.com/watch?v=KB3Y-pSGHos 
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The first astronauts had great difficulty working in space because of Newton’s third law. 

For example, whenever an astronaut had to exert a force to turn a screw, there was a force 

exerted on the astronaut that made him turn in the opposite direction, which really 

complicated the task. This documentary will give you more details on this subject. 

http://www.youtube.com/watch?v=PrJnWTcW55s 

 

Even if they are told that the forces are the same when two objects collide, most people 

would still say that, in a collision between a truck and a small car, a greater force acts on 

the car than on the truck. In the video, it looks like a greater force act on the smaller car 

than on the larger car. 

https://www.youtube.com/watch?v=NCelD0qr8Do 

The force and the effect of this force must not be confused. The force is the same on both 

cars, but the acceleration is not the same. According to F = ma, the least massive car 

undergoes the greatest acceleration. Occupants of this lighter car will, therefore, be more 

affected than those in the heavier car. In a collision between a truck and a small car, the 

same force acts on both vehicles, but the acceleration of the car is colossal while the 

acceleration of the truck is small. The speed of the car then changes enormously whereas 

the speed of the truck changes a little. 

 

 

Movie Mistakes 

 

In cartoons, the characters sometimes try to move 

faster in a sailboat by blowing into the sails. There is 

also this demonstration on youtube. 

https://www.youtube.com/watch?v=PY-4K4e5s6w 

 

This idea cannot work because of Newton’s third 

law. Suppose there is a fan blowing air into the sail. 

It is true the air exerts a force on the sail towards the 

front of the boat that would make the boat move 

forward. However, there’s a problem. If the fan 

exerts a force on the air towards the front of the 

vessel, then the air must exert a force on the fan 

towards the back of the boat, which pushes the boat 

backwards. This force directed backwards cancels 

the force directed forwards made by the air on the sail 

(assuming the sail is 100% effective). 

 

Here’s a demonstration of this on the next video. 

http://www.youtube.com/watch?v=8HoQH0nAiHs 

Initially, a small piece of cardboard acts as a sail, and the small vehicle is not moving since 

the force on the cardboard and the force on the fan cancel each other. When the cardboard 

is removed, the only remaining force is the force on the fan and the vehicle begins to 

accelerate backwards. The moral of the story: instead of sending air into the sail, the sailor 

would be better to use the fan to propel the air towards the back of the boat so that there is 

www.lhup.edu/~dsimanek/scenario/miscon.htm 
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a force directed forwards acting on the boat. This is how the type of boat featured in this 

video works. 

http://www.youtube.com/watch?v=abLcIiyXBPs 

 

The “force” in Star Wars movies does not seem to respect Newton’s third law. When Count 

Dooku uses the force to push Obiwan in a fight, there should also be a force made by 

Obiwan on Dooku according to Newton’s third law. This force does not seem to be present 

in this clip. 

http://www.youtube.com/watch?v=kmIkpRkgaZk 

But then again, it’s only a movie. 

 

 

 

 

 

 

Newton’s First Law or Law of Inertia 

 

If there is no net external force exerted on an object, then 

the velocity of the object is constant (magnitude and direction). 

 

 

Net Force or Resulting Force 

 

netF F=
� �

 

 

 

Newton’s Second Law 
 

F ma=
�

�

 

 

In components: 
 

x x y y z z
F ma F ma F ma= = =    

 

 

Newton’s Third Law 

 

The forces always come from the interaction between 2 objects. Every object 

that interacts is subjected to a force and the forces have the same magnitude, 

and are always in opposite directions. 

 

 AB BAF F= −
� �
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3.5 Newton’s Second Law 
 

1. Rajiv pushes on an 80 kg refrigerator with a 120 N 

force. Assuming there is no friction force between the 

fridge and the floor, what is the acceleration of the 

refrigerator? 

 
www.chegg.com/homework-help/questions-and-answers/person-shown-pushing-

refrigerator-sits-level-floor-assume-floor-slippery-horizontal-force--q1442657 

 

 

2. The stopping distance of a 1200 kg car is 80 m when it goes at 100 km/h. What is 

the magnitude of the force exerted on the car while it brakes? 

  

 

3. The engine of an 1800 kg Toyota Tundra makes enough force to go from 0 to 

28.8 km/h in one second when it is not towing a trailer. How long does it take for 

the truck to reach a speed of 10 km/h if it now pulls a 133,000 kg trailer if the engine 

still generates the same 

maximum force? (Of course, 

the friction between the road 

and the trailer and the air 

friction on the trailer are 

neglected.) 

 
news.pickuptrucks.com/2012/09/new-tundra-to-max-tow-space-shuttle-endeavour-to-final-resting-place.html 

 

You don’t think that a Toyota Tundra can haul the space shuttle! Have a look at 

this. 

http://www.youtube.com/watch?v=_7rcctRe4LQ 

 

 

4. An F-18 has a mass of 23,500 kg at takeoff. There are two engines that provide 

48.9 kN each at full throttle. What is the minimum runway length needed for this 

aircraft if it has to reach a speed of 80 m/s to take off? 

 

 

 

5. The forces shown in the diagram act on a 5 kg object. 

What is its acceleration of the object (magnitude and 

direction)? 
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6. Little Aaron on his 2 kg sleigh is pulled 

by his parents, Alfred, and Gertrude. 

Initially, Aaron’s sled is at rest. In the 

first 2 seconds of the motion, the sleigh 

travelled a distance of 6 m with a 

constant acceleration. What is Aaron’s 

mass? 

 

 
www.chegg.com/homework-help/questions-and-answers/22-

kg-child-ride-teenagers-pull-32-kg-sled-ropes-indicated-

figure-figure -1--teenagers-pull-q2939212 

 

 

 

 

7. The net force exerted by the ropes tied to the 

box is an 850 N force directed straight up. What 

is the magnitude and the direction of the 

unknown force F? 

 

 

 

 

 

 
www.chegg.com/homework-help/questions-and-answers/result-force-

vertically-upward-850n-i-f1-319n-i-having-trouble-finding-theta-best-

way-angl-q1954937 

 
 
 
 

3.6 Newton’s Third Law 
 

8. A 100 kg astronaut pushes his 

2500 kg spacecraft with a force 

of 200 N for 0.5 seconds. 

Initially, the spacecraft and 

astronaut are at rest. 

 

www.ahsd.org/science/stroyan/hphys/CH4/ch4wq/p2ch4wq3.htm 

 

a) What is the velocity of the spaceship after the push? 

b) What is the velocity of the astronaut after the push? 
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Challenges 

(Questions more difficult than the exam questions.) 

 

9. A 2 kg object at x = 0 has a speed of 10 m/s towards the positive x-axis. However, 

a force equal to 
 

8 N
m

F x= −  
 

acts on this object. What will the distance travelled by this object be when its speed 

reaches zero? 

 

 

10. The speed of a 2 kg object is given by 
 

212
sm

v x=  

 

What is the formula of the force acting on the object as a function of its position? 

 

 

 

 
3.5 Newton’s Second Law 
 

1. 1.5 m/s² 

2. 5787 N 

3. 26 s 

4. 768.9 m 

5. 7.885 m/s² à -35.56° 

6. 9.04 kg 

7. 287.5 N à 66.8° 

 

3.6 Newton’s Third Law 

 

8. a) -0.04 m/s      b) 1 m/s 

 

Challenges 

 

9. 5 m 

10. 2 2

316
kg

s m
F x=  


