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In the next few sections, we will be exploring some of the most fundamental laws of our universe, laws that govern

the relationship actions and motion. These laws are known as Newton’s Laws of Motion, which you may think of as

axioms of our universe.

Newton’s Laws

Newton’s first law states that a body at rest tends to stay at rest, unless acted upon by a net external force, such as

somebody pushing the body. Furthermore, if a body is already in motion, the the body tends to maintain the same

velocity unless acted upon by a net external force. Thus, if there is no force, then the velocity is constant, which

then tells us that the acceleration is 0. This idea leads us to our next law.

Newton’s second law builds upon the idea from the first law. If there is any number of forces acting on a body,

then the acceleration of the body is related to the forces by the famous equation

∑
~F = m~a

WARNING: Note that this is a vector equation. In order to use it, you need to decompose the forces and

acceleration into components.

This gives us a way of quantifying the first law. If the sum of the forces is 0 (note that this doesn’t meant that

all of the forces are 0; it just means that all of the forced balance each other out), then the acceleration is 0, and we

will have a constant velocity, just like the first law says.

Newton’s third law states that for every action, there is an equal yet opposite reaction. For example, if you

press down on a table, the table presses back on you with the same force. This is the law that we will use the least.

Now that we have stated the laws and discussed them a little, we will dive into two problems in order to see how

to use Newton’s laws.

Problem 1

A box, weighing 50 kg, is lifted off the ground by a massless rope with an acceleration of 5.0 m/s2. Compute the

tension in the rope.
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Solution 1

In order to solve this problem, we will develop a new model called a free-body diagram. In a free body diagram, we

draw our object and draw in all of the external forces acting on it. First, we need to figure out what the forces are

acting on the object.

Gravity always exerts a force Fg straight down, so we must take that into account. The only other thing interacting

with the box is the rope, which pulls upwards with a tension T . Thus, the only forces that interact with out box is

the force due to gravity and the tension of the rope. Now, we must establish a good coordinate system. As we’ve

discussed in a previous handout, the best coordinate system tens to be the one pointed in the direction of the initial

motion of our object. Since our box will move upwards, we should have our coordinate system point upwards.

Combining all of this information gives us the following diagram:

+T

Fg

m = 50 kg

Since there are only two forces in this situation and our system is one-dimensional, we have that
∑ ~F = T − Fg.

Note that, instead of adding in Fg, we subtract it. This is because the force due to gravity acts in the negative

direction of our system. Thus, by Newton’s Second Law, we can write

T − Fg = ma⇒ T = Fg +ma

⇒ T = mg +ma

Plugging in the values m = 50 kg, g = 9.8 m/s2, and a = 5.0 m/s2, we obtain
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T = mg +ma⇒ T = (50 kg)(9.8 m/s2) + (50 kg)(5.0 m/s2)

⇒ T = 740 N

Thus, the tension in the rope is T = 740 N .

Problem 2

A box of mass 60 kg is being pulled, from rest, upwards along a frictionless plane with inclination 45o. If the box

slides 40 m in 4 s, compute the force that the box is being pulled with.

Solution 2

This problem is a little trickier than the last, and requires much more work. The first thing we need to do is establish a

coordinate system. Well, going from the requirements we’ve previously established, our coordinate system should have

its origin at the box and should point upwards along the incline. Also note that the y-axis should be perpendicular

to the x-axis. Thus, the y-axis will be perpendicular to the incline. This gives us the following diagram:

+y

+x

45o

OK, so what forces are acting on the box? Well, we always have the gravitational force Fg, which points straight

down. I like to draw this force until it coincides with the bottom edge of our incline. Also, because the box is

interacting with the incline, there is a normal force FN on the box, pointed in the direction of the positive y-axis.

Finally, we have the tension T due to the cable, which is pointed in the direction of the positive x-axis. Thus, our

diagram now becomes
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+y

+x

45o Fg

T

FN

Next, because Newton’s Law is a vector equation, we should break our forces into components. For the tension

and normal force, this is easy because they lie along the x and y axes, respectively. The gravitational force, however,

isn’t quite so easy. First, let’s draw in the components for the gravitational force, and let’s make the angle that it

makes with the y-axis be θ. As it turns out (we will not prove it here), this angle θ is always equal to the incline of

the plane. Thus, θ = 45o. This gives us the following diagram:

+y

+x

45o Fg

T

FN

θ

Fgx

Fgy

Writing out cos(θ) and sin(θ), we obtain

cos(θ) =
Fgy

Fg
⇒ Fgy = Fg cos(45o)

and

sin(θ) =
Fgx

Fg
⇒ Fgx = Fg sin(45o).

OK so we have a lot of information about forces. Thus, I would like to organize all information into a force

table, much like we have previously done the motion tables. The force table for this problem looks like this:
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Fg FN T

x

y

So let’s start trying to fill in this table. Because the tension is pointed in the positive x direction, we have that

Ty = 0 and Tx = T . Because the normal force is pointed in the positive y direction, we have that FNy = FN

and FNx = 0. Finally, notice that the components of the gravitational force act in the negative directions of their

respective axes. Thus, Fgy = −Fg cos(45o) and Fgx = −Fg sin(45o). Filling in our force table, we obtain

Fg FN T

x −Fg sin(45o) 0 T

y −Fg cos(45o) FN 0

Adding along rows, we can now use Newton’s Second Law to write

−Fg sin(45o) + T = max

for the x direction and

−Fg cos(45o) + FN = may

for the y direction.

We now need to calculate ax and ay. We will begin with ay, as it’s easier. Notice that, as you pull the box, it

doesn’t move in the y direction. Thus, there is no motion in the y direction, which means that there is no acceleration.

Thus, ay = 0. Substituting this into our formula above and solving for the normal force, we obtain

Fn = Fg sin(45o) = mg sin(45o) = (60 kg)(9.8 m/s2) sin(45o) = 415.8 N.

Since there is no motion in the y direction, all of the motion described in the statement of the problem must

occur in the x direction. Filling in our motion table for this direction, we obtain

x0 0 m

x 40 m

v0x 0 m/s

vx

ax

t 4 s
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Inn order to calculate ax, we can apply our second kinematic formula x = x0 + v0t +
1

2
at2. Substituting in our

information, we obtain

x = x0 + v0t+
1

2
at2 ⇒ 40 = 0 + (0)(4) +

1

2
(ax)(4)2

⇒ 40 = 8ax

⇒ ax = 5.0 m/s2

Substituting this and other values into the Newton equation we obtained above for the x direction, we obtain

−Fg sin(45o) + T = max ⇒ T = Fg sin(45o) +max

⇒ T = mg sin(45o) +max

⇒ T = (60 kg)(9.8 m/s2) sin(45o) + (60 kg)(5.0 m/s2)

⇒ T = 715.8 N

Thus, the box is being pulled up the ramp with a force of 715.8 N .

Further Problems

1. A 3.00 kg object undergoes an acceleration given by ~a = (2.00~i+ 5.00~j) m/s2. Find the resultant force acting

on the object and the magnitude of the resultant force.

2. An iron bolt of mass 65.0 g hangs from a string 35.7 cm long. The top end of the string is fixed. Without

touching it, a magnet attracts the bolt so that it remains stationary, but is displaced horizontally 28.0 cm to

the right from the previously vertical line of the string. The magnet is located to the right of the bolt and on

the same vertical level as the bolt in the final configuration. Find the tension in the string and the magnetic

force on the bolt.

3. A block slides down a frictionless plane having an inclination of θ = 15.0o. The block starts from rest at the

top, and the length of the incline is 2.00 m. Find the acceleration of the block and its speed when it reaches

the bottom of the incline.

Property of Garrett Higginbotham.
Please send any suggestions to ghiggie@uab.edu

6 Last Modified: June 18, 2015

mailto:ghiggie@uab.edu?subject=Document%20Suggestions-1D%20Motion%20


Newton’s Laws and Free-Body Diagrams General Physics I

4. The distance between two telephone poles is 50.0 m. When a 1.00 kg bird lands on the telephone wire midway

between the poles, the wire sags 0.200 m. How much tension does the bird produce in the wires? Ignore the

weight of the telephone cable.

5. An object of mass m1 = 5.00 kg placed on a frictionless, horizontal table is connected to a string that passes

over a pulley and then is fastened to a hanging object of mass m2 = 9.00 kg. Find the magnitude of the

acceleration of the objects and the tension in the string.

6. A 15.0 kg load of bricks hangs from one end of a rope that passes over a small, frictionless pulley. A 28.0 kg

counterweight is suspended from the other end of the rope, as shown below. The system is released from rest.

What is the tension in the rope while the load is moving?
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