“HOW TO SOLVE NEWTON’S SECOND LAW PROBLEMS”
brief solutions

This document provides brief summaries of the solutions to the problems.

Step-by-step solutions for each problem are available separately in the “Step-by-Step
Solutions” document, and also in the YouTube videos.

The problems are available in the Problems document.

You can find links to all these resources at my website:
www.freelance-teacher.com

You can support these resources with a monthly pledge at my Patreon page:
www.patreon.com/freelanceteacher

Or you can make either a one-time donation, or a monthly pledge, using the PayPal
Donate button on my website: www.freelance-teacher.com

If you find that the video explanations move too slowly, you can simply try the problems in the
Problems document, study the solutions in the Solutions documents, and, if necessary, skip to the
particular parts of the videos that cover parts of the solutions that are giving you difficulty. Each video
has a table of contents, to make it easier to skip to particular topics.

If you find a particular problem to be difficult, then, after studying the solution, before you try the
next problem, you should take a blank piece of paper and retry that problem from scratch. Don’t move
on to the next problem in the series until you are comfortable with the solution for the current problem.
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (1)

Video (1)
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The weight force always points straight down. The normal force points perpendicular to, and away
from, the surface. The kinetic friction force points parallel to the surface, and opposite to the direction
that the object is sliding. The tension force points parallel to the rope, and away from the object.

The object is motionless in the y-component, so a, = 0. So we substitute O for a, in the Newton’s
Second Law y-equation.
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (1)

How to break the tension force into components:
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We use absolute value symbols in our SOH CAH TOA equations because the SOH CAH TOA
equations can only tell us the magnitudes of the components. We determine the signs of the
components (“+” or “-”) in a separate step, based on the directions of the component arrows in our right
triangle.

Jessica drags a 3.0 kg block along a table, using an ideal massless rope that forms an angle of 60° with
the horizontal, as shown. The tension in the rope is 20 N. The coefficient of kinetic friction between the
table and the block is 0.20. Find the magnitude and direction of the acceleration of the block.
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (1)

Check: Do our results make sense?
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In the version of the Free-body diagram above, I have broken the tension force into components.
Does it make sense that our result for n is positive? The symbol “n”, written without an arrow on
top, stands for the magnitude of the normal force. A magnitude can never be negative, so, yes, it makes

sense that our result for n is positive.

Does it make sense that n = 12.1 N? To prevent the block from beginning to move down into the
surface of the table, n must cooperate with T, to cancel w . So we must have: n +|T,| =w
So, yes, it makes sense that: n+ |T)|=12.1 N+ 17.3N=294N=w

Does it make sense that our result for a, is positive? fk is pulling to the left, while T, is pulling to
the right. We found that T, = 10 N. And, while working on the Newton’s Second Law x-equation, we
found that fi, = 2.42 N. So |T,| will exceed fi, and the net force on the block will point to the right.

The “net force” is the sum of all the individual forces; the symbols XF, and XF, stand for the x- and
y-components of the net force. According to Newton’s Second Law (£F,=may and £F,=ma,), the net
force at a particular point in time determines the acceleration at that point in time. Since the net force on
the block is to the right, the acceleration will be to the right. “Right” is our positive x-direction, so, yes,
it makes sense that our result for a, is positive.

In the Free-body diagram, I have drawn the length of the W arrow equal to the sum of the lengths
of the n arrow and the T, arrow, and I have drawn the arrow for T, longer than the arrow for f K -
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The direction of the velocity vector indicates the object’s direction of motion. The block’s velocity
points to the right, because the block is moving to the right.

In physics, “acceleration” refers to: increasing speed, or decreasing speed, or changing the object’s
direction of motion. The block’s acceleration vector is parallel to the velocity vector; this means that the
block is speeding up.
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (1)

Recap:

Study the logic of the Newton’s Second Law problem-solving process:

The Free-body diagram should include all the forces exerted on the object. The Free-body diagram
indicates the directions of the overall force vectors.

The first row of the Force Table represents the magnitudes of the overall force vectors.

The second and third rows of the Force Table represent the components of the force vectors. Include
plus signs in front of positive components, since this will help you remember to include the crucial
negative signs in front of negative components.

We write two Newton’s Second Law equations, one for the x-component and one for the y-
component, at the top of two adjacent columns.

On the left sides of the Newton’s Second Law equations, we add all the individual force
components, using the components we obtained in our Force Tables. When adding these components,
be careful to include negative signs in front of the negative components.

If an object is motionless in a component (or moving with constant velocity in a component), then
that component of the acceleration is zero. Substitute O for that component of the acceleration in the
Newton’s Second Law equation for that component.

Organize your math for the Newton’s Second Law equations in two adjacent columns. On this
problem, the x-equation began with two unknowns, while the y-equation had only one unknown (n). So
we began by solving the y-equation for n, then substituted our result into the x-equation.

Think in terms of components:

Write down two versions of the Newton’s Second Law equations, one for the x-component, one for
the y-component.

The problem told us that the magnitude of the tension is 20 N. We did not substitute this 20 N value
into either Newton’s Second Law equation! Instead, we used the 20 N value to break the tension force
into components. Then we substituted those components into the Newton’s Second Law equations.

Notice how differently we treated a, and a,, the two acceleration components.

Thinking separately about T, and T, was crucial for helping us to see why our results make sense.

Use the exact right symbols, including the exact right subscripts:
Use x- and y-subscripts to distinguish x-components from y-components.

Use careful symbols (e.g., (e.g., 1 , W , T, f. ) to distinguish the forces from each other.

A vector symbol written with an arrow on top (e.g., i , w , T , f, ,or @ )stands for the
complete vector, including both magnitude and direction. A vector symbol written without an arrow on
top (e.g., n, w, T, or a) stands just for the magnitude of the overall vector.

(In your textbook, the complete vector may be symbolized in boldface, for example, w.)

Why should you make an effort to use the exact right symbols? If you use wrong symbols, you are
likely to mix up the concepts, and you will likely use the wrong concepts at the wrong points in your
solution. Using the exact right symbols is a tool to help you avoid mixing up the concepts.

Learn the method for completing the Free-body diagram:
(1) Draw the downward vector for the weight force
(2) Draw a force vector for each thing that is touching the object
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NEWTON’S SECOND LAW PROBLEMS

Video (2)

Brief solution for Video (2)
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The weight force always points straight down. The normal force points perpendicular to, and away
from, the surface. The kinetic friction force points parallel to the surface, and opposite to the direction
that the object is sliding.

Choose a positive direction that points in the object’s direction of motion. The mass is sliding down

the hill, so we choose an x-axis that points parallel to, and down, the hill. We choose a y-axis that is
perpendicular to the hill. The mass is motionless in the y-component, so a, = 0.
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (2)

To break the weight force into components, we must first draw a right triangle to represent the
components.

We can use this rule to draw the L
components of a vector: Draw a right triangle, b =
with the overall vector representing the A W x i
hypotenuse, one leg of the triangle parallel
(or anti-parallel) to the x-axis, and one leg of
the triangle parallel (or anti-parallel) to the =99 N
y-axis. The two legs of the right triangle W =
represent the x- and y-components of the
vector. e X

Our x-axis is parallel to surface of the hill; ) y == .
so, we draw one leg of the right triangle C \
parallel to the surface of the hill. Our y-axis is
perpendicular to the surface of the hill; so we (-{O oN \
draw the other leg of the right triangle
perpendicular to the surface of the hill. We use
the overall vector w as the hypotenuse of the right triangle.

We can use this rule to determine the directions of the components: The components are supposed
to represent the overall vector. Therefore, the head of a component arrow should be at the head of the
overall vector, and the tail of a component arrow should be at the tail of the overall vector.

The overall vector points away from point A, so w, points away from point A.

The overall vector points toward point C, so w, points toward point C.

Use these directions for the components to determine the signs for the components. w, points
parallel to, and down, the hill, in the positive x-direction, so wy is positive. w, points perpendicular to,
and into, the hill, in the negative y-direction, so w, is negative. We’ve added these signs to the sketch.

Next, use geometry to find the %
angles inside right triangle AABC. NN H
Begin by extending line AC down
to point D, and by extending the
horizontal line from point E to point
D. This creates a new right triangle,
AADE.
The acute angles in a right B B 9% N
triangle add to 90°.
In right triangle AADE, the acute ‘,\ Y f)
angles are 6 and a.
So 0+ a=90°
so 40°+a=90° so a=>50°. C
In right triangle AABC, the acute
angles are o and .

So o+ p=90° DY ; I ——————. %Y Z
so 50°+ 3 =90° so [B=40°
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (2)

In our SOH CAH TOA equations, we will choose to focus on the 40° angle inside the small right
triangle, since that equals the angle we were given in the problem. Therefore, our assignment of
the “opposite” and “adjacent” legs is based on the 40° angle, not on the 50° angle. Mark the
40° angle with an asterisk (*) to indicate that that is the angle we have chosen to focus on.

The length of the hypotenuse (98 N), representing the magnitude of the overall weight vector,
was calculated earlier from the w = mg special formula.
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It is crucial to include the “-” sign on w,. We use absolute value symbols in our SOH CAH TOA
equations to indicate that the SOH CAH TOA equations can only tell us the magnitudes of the
components. We determine the signs of the components (“+” or “-”) in a separate step, based on
the directions of the component arrows in our right triangle. Include a “+” sign in front of
positive components (like w,). This will help you to remember to include the crucial negative
sign in front of negative components (like w,)).

For this problem we used sine for the x-component and cosine for the y-component. But, for the
problem in Video (1), we used sine for y-component and cosine for the x-component! Use the SOH
CAH TOA process, as illustrated above, to determine the correct approach for each individual problem.

“« »n

“_»
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (2)

A mass of 10 kg slides down a hill which is at an angle of 40° to the horizontal. The coefficient of
kinetic friction is 0.30. What is the acceleration of the mass?
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I have chosen to interpret this problem as asking for the magnitude and direction of the overall
acceleration vector. But, since a, = 0, most professors would probably regard “a, = 4.0 m/s*” as an
acceptable answer for “the acceleration”.
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (2)

Check: Do our results make sense?
n= _f' .S- | M
Does it make sense that our result for n is
positive? n represents the magnitude of the %\'R =22.53N
normal force, and a magnitude can’t be negative,
so, yes, it makes sense that n came out positive.
Does it make sense that our result for n is 75.1 N? ]wxi =63 N
To prevent the box from beginning to move down
into the surface of the hill, 7 must cancel w,. So

we must have: n = |w,| \‘JO \:‘—75'1 N N X
So, yes, it makes sense that: ¥ | 8

n=751N =|w)| "

~

Does the sign of our result for a, make iense? {_{On\ "
wy is pulling the mass down the hill, and f, s o . . _ _ _ -
pulling the mass up the hill. w, has a greater
magnitude than f « (63 N > 22.5N), so the net force for the x-component (ZF,) is pulling y

down the hill. According to Newton’s Second Law, the net force determines the acceleration,
so a, should also point down the hill. Down the hill is the positive x-direction, so, yes, it
makes sense that our result for a, came out to be positive. (We found that f,=22.53 N during
our work on the Newton’s Second Law x-equation.)

In the Free-body diagram above, I have now drawn the length of the w, arrow equal to the length of

the n arrow. And I have drawn the arrow for w, longer than the arrow for f, .

x

\;" T}\e mMmasS s /'V\O\J;AJ i the hll'

\‘Ei’ o ith incrras;ng speed.

The direction of the velocity vector indicates the object’s direction of motion. The mass is sliding
down the hill, so the velocity vector points parallel to, and down, the hill.

The acceleration vector is parallel to the velocity vector. This means that the mass is speeding up.

Don’t assume that a positive acceleration component means “speeding up”. Speeding up or slowing
down is based on whether the acceleration vector is parallel or anti-parallel to the velocity vector.

Does our result for the magnitude of a, make sense? On this problem, it is interesting to compare
our result for the magnitude of a, to 9.8 m/s?. 9.8 m/s? is the magnitude of the acceleration that we
would obtain due to the full force of the weight, unimpeded by any other forces.

But on this problem, a, is due, not to the full force of the weight, but only to w,. Furthermore, on
this problem w, is partially impeded by f . - For both of these reasons, on this problem, the magnitude
of a, must be less than 9.8 m/s”.

Intuitively, it should match your common sense that an object sliding down a hill will accelerate
more slowly than an object in free fall.

So, yes, it makes sense that, on this problem: |a,| = 4.047 m/s* < 9.8 m/s* =g
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (2)

Recap

The purpose of this problem is to introduce the basic method for solving inclined plane problems.
This problem demonstrates that inclined plane problems can be solved using the same Newton’s
Second Law problem-solving framework that we used for the problem in Video (1).

For an inclined plane problem, rather than choosing horizontal and vertical axes, we choose
“slanted” axes, with our x-axis parallel to the incline, and our y-axis perpendicular to the incline.
Write down your axes.

In order to break the weight force into components based on these axes, we had to draw a right
triangle, use geometry to find the angles inside the right triangle, and then use the SOH CAH TOA
equations. When drawing the right triangle for this problem, do not draw horizontal and vertical legs.
Instead, be sure to draw the legs of the right triangle parallel to your axes.

And it was crucial to remember to include a negative sign on w,.

Inclined plane problems are common on exams! Make sure you are comfortable with the process
for breaking the weight force into components for an inclined plane problem.

Based on our axes, the mass is motionless in the y-component, so we substituted 0 for g, in the
Newton’s Second Law y-equation. In fact, for an inclined plane problem, the main advantage of using
axes that are parallel to the incline and perpendicular to the incline, rather than using horizontal and
vertical axes, is that the slanted axes allow us to substitute 0 for a,.

In these solutions, I always write the general equation before I plug specific numbers or symbols
into the equation. For example, in the solution, I wrote each of these general equations before I plugged
in specifics: w=mg fi = pn

XF, = ma, XF, = ma,
sin40°:m cos40°:ﬂ
hyp hyp

You should imitate this habit in your own work. As a beginning physics student, you will have
better understanding and make fewer mistakes if you make it a habit to write the general equation
before you plug in specific numbers or symbols.

The most common mistake made by physics students is mixing up the concepts. To avoid mixing up
the concepts: don’t use the word “it”.

For example, don’t say “it is +4 m/s*” or “it is zero”. Instead, say “a, is +4 m/s*” and “a, is zero”.

Don’t say “it points straight down” or “it points perpendicular to the hill” or “it points up the hill”.
Instead, say “the weight force points straight down” or “the normal force points perpendicular to the
hill” or “the kinetic friction force points up the hill”.

Don’t say “it is 98 N” or “it is +63 N” or “it is -75.1 N”. Instead, say “the magnitude of the weight
force is 98 N” or “w, is +63 N” or “w, is -75.1 N”.

Even when thinking about the concepts in your head, try to avoid using the word “it”. Instead, use a
name or symbol to label exactly which concept you are thinking about.

If I could only give a beginning physics student one piece of advice, it would be:
To avoid confusing the concepts, don’t use the word “it”.

25
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NEWTON’S SECOND LAW PROBLEMS

Brief solution for Video (3)
Video (3)
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Vi is 0 because the problem tells us that the box slows to a stop.

Notice how we arrange our work in three adjacent columns: two columns for the Newton’s
Second Law equations, and one column for our kinematics setup and kinematics equation.
12
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (3)

For a kinematics problem, build as much kinematics information as possible into your sketch,
as shown below.

Starting from a speed of 10 m/s, a box with mass 40 kg slows to a stop with uniform deceleration over
a distance of 10 m while sliding across a horizontal floor.

Find the coefficient of kinetic friction between the floor and the box.

s

TP —
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1= LE
\‘/ox: + lop-g' \/lx-—
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L E——

We label the key points in time as ¢, and ¢;. It is conventional to set t, = 0.
vy is 0 because the problem tells us that the box “slows to a stop”.

We label ¢, and t; as our initial (i) and final (f) points. The “initial” and “final” points are the points
that we will plug into our kinematics equation.

ﬁ NS wer:

Hi is a unitless concept, so there are no units on our answer.

Free -bedy diagram

The box is moving to the right, but there are no forces to the right. The chewing all the forces

box was already moving to the right when the problem began. According exerted onthe box

to Newton’s First Law, if an object is already moving, and the net force on _—

the object is zero, then the object will continue to move, in a straight line, ',r'{)

at constant speed. In this problem, the box was already moving to the right A

when the problem began. So, according to Newton’s First Law, no force is el

required to explain why the object continues to move. .F
Of course, the box does not experience zero net force. Because of the A

leftward frictional force, the box will experience a net force to the left. So

the box will not move at constant speed. Instead, because of the leftward

net force, the box will slow down (as mentioned in the problem), and, after

sliding for 10 meters, will stop moving. ') 'JJ"
Another way to put it is that the net force at particular point in time

determines the acceleration at that point in time. The net force at a particular point in time does not

determine the velocity that point in time. So, the fact that the velocity is pointing to the right does not

mean that any of forces have to point to the right.
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NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (3)

Do our results make sense?
- " 4
Pu= o2l pz 39N -SErox

Does it make sense that our result for n is positive? n represents the e P 172 N
magnitude of the normal force, and a magnitude can’t be negative, so, yes, it N
makes sense that n is positive. 1

Does it make sense that n=392 N? The magnitude of the weight force is also ~<—%
392 N. The weight force is attempting to make the box begin moving
downward. To prevent this, the normal force has to cancel the weight force. So, kel N
yes, it does make sense that n = w.

Do not say “on this problem, the normal force equals the weight force.” The normal force points in
a different direction than the weight force, so the normal force on this problem does not equal the
weight force. Instead, say “on this problem, the magnitude of the normal force equals the magnitude of
the weight force.”

Do not assume that n=w on other problems. On some problems (such as this one), n=w, but on
many problems (such as the previous problems in this series) n#w. Use the Newton’s Second Law
equations to determine n for each individual problem.

L

Does it make sense that our result for ay is negative? This result means that a, points left. Since
a,=0, we know that the overall acceleration also points left. Does that make sense?

The direction of the velocity vector indicates the object’s direction of motion. Since the =
block is moving right, the velocity vector points right. a’

To interpret the acceleration vector, compare it with the velocity vector:
acceleration vector is parallel to the velocity vector < increasing speed, constant direction of motion
acceleration is anti-parallel to the velocity vector < decreasing speed, constant direction of motion
acceleration is perpendicular to the velocity vector < changing direction of motion, constant speed
acceleration is zero over an interval of time < constant speed and direction of motion over the interval

The leftward acceleration vector is anti-parallel to the rightward velocity vector. This indicates that
the object is slowing down. But we know from the wording of the problem that the block is indeed
slowing down, so, yes, it makes sense that a, came out negative.

Notice that the term “acceleration” has a different meaning in physics than in ordinary language. In
physics, acceleration means “speeding up, or slowing down, or changing direction of motion”. In this
problem, we have seen that the box’s acceleration indicates that the box is slowing down.

Don’t assume that a negative acceleration component means “slowing down”. Speeding up or
slowing down is based on whether the acceleration is parallel or anti-parallel to the velocity vector.

Notice that the direction of the acceleration does not indicate the object’s direction of movement!
(That’s the velocity’s job.) The object is moving right, but the acceleration vector points left.

Our result for yy is .51. This is consistent with the rule that py should be between 0 and 1.!

1 TItis theoretically possible for a coefficient of friction to be greater than 1, but this rarely occurs on typical problems.
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Recap

In this problem we learned how to combine the general one-dimensional kinematics problem-
solving framework with the Newton’s Second Law problem-solving framework. Here are some of the
keys to succeeding with this type of problem:

Build as much kinematics information as possible into your sketch.
If there is sufficient space on your paper, use a three-column approach: two columns for the

Newton’s Second Law equations, and one column for our kinematics setup and kinematics equation.
Begin the kinematics column with a list of the five general

need
kinematics variables. J,u
Underneath this list, write the specific numbers and A 'f‘ ; AX ) V.‘ i \/; i a X
symbols that apply for the kinematics variables for the ~m
problem you are working on. At) & ]O m ;.+ 10 S O J Gl X
To determine the order in which to work with the columns, ,\
count the unknowns for the Newton’s Second Law equations, 4_ L‘ rFe< knowans

and count the knowns for your kinematics framework.
When you know values for three of the kinematics variables, you can choose a kinematics equation.
Choose the equation that is missing the variable that you do not care about. For example, on this

problem, we did not care about the variable At. So, we picked the kinematics equation that was missing

the variable At: vy =v; +2a,Ax

Kinematics Equations for constant a, with changing v,

X equations missing
variables
Ax=vixdt+%ax(dt]2 Vi
v?x=vfx+2axﬂx At
V=V, +a, At Ax

(This is the method used for “constant acceleration with changing velocity” kinematics.)
We know that vi = 0, because the problem says that the object comes to a stop.

The connecting link between kinematics and Newton’s Second Law is acceleration. On this
problem, we used kinematics to find a,, then substituted our result for a, into the Newton’s Second Law
X-equation.

But you will see other problems where we will first use the Newton’s Second Law framework to
determine a,, then substitute our value for a, into the kinematics framework.

(And, for problems in which we apply kinematics to y-component, rather than to the x-component,
we would use a,, rather than a,, as the connecting link between the frameworks.)

We had no values to substitute into the special formula fx = pxn, so we used the special formula
itself to represent the magnitude of the kinetic friction force in the first row of our Force Table.
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Video (4)

In this video we discuss the meaning of the concepts and formulas we have been using in the
previous videos.

If you are not interested in, or don’t have the time for, a discussion of these topics, you can simply
proceed to the next video in this series, which contains another Newton’s Second Law problem.

The material covered in this video is also discussed in the “Step-by-step Solutions” document.

Topics discussed in this video:

The difference between the force of friction and the coefficient of friction
The meaning of the formula f, = wn

The difference between velocity and acceleration

Newton’s First Law

The meaning of Newton’s Second Law: net force and acceleration
The meaning of the concept of net force

The difference between mass and weight
The meaning of the formula w = mg

The meaning of Newton’s Second Law: mass and acceleration
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Video (5)
D o e e
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v 18 0 because the wording of the problem implies that the box begins sliding from rest.
At (time elapsed) must be positive, so we take the positive square root of 5.4.
The process for determining Ax is illustrated on the next page.
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Build as much kinematics information as possible into your sketch, as shown below.

vor = 0 because the wording of the problem implies that the box begins sliding from rest.

Ax stands for the x-component of the box’s displacement between the initial point (labeled 7) and
final point (labeled f). (The object is being displaced parallel to the ramp so, on this problem, the y-
component of the displacement is zero.)

Notice that Ax is not 5 meters! We can use SOH CAH TOA to determine Ax, as shown below.

s

Vox:O N \\., ra
{,:D N . -‘<]
.- ik Y

ady
The absolute value symbols remind us that
S? H CAH TOR the SOH CAH TOA equation only tells us the
SiA 3 3= Q,ﬁﬁ magnitude of Ax. We determine the sign of Ax
h YP in a separate step: The box is displaced in the
T < - “+” direction (down the ramp), so Ax is
e P— A 'X.T positive.
.. LI T 5 . 'hé%-lk Check: The hypotenuse should be the
JAx|- sia B T longest side of a right triangle. So it makes
'}_&*—'L sense that our result for the length of the
— o hypotenuse (8.7 m) is greater than the length
Jax) 5335 =39S of the side (5 m).

. Were you able to determine Ax for this

POFEE X iy $in35 problem? If not, the way to improve your
‘ = g -’ SOH CAH TOA skills is to write down all
{ A X\ e il the steps, such as:
A X= + 9 = rm Label the angle you are f(?cusing on w@th an
“*”_ Label the sides of the triangle as “adj”,

“opp”, and “hyp”. Write down the general SOH CAH TOA equation that is appropriate for the problem.
Plug in, and use algebra to solve. Notice that, for this problem, the SOH CAH TOA algebra indicated
that we needed to divide 5 by sin 35°, rather than multiplying 5 times sin 35°.
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Method for breaking the weight force into components:

o/
w,(:+ <>’
}\\Hﬁ e N
L= 789N .. B
. ~
023, "o
~
' N
! \\
TP+ . 8
Sod CAH TOA
- 35°= o Cos 35T Tudf
S}/\ _]Aﬁy% f’ly/
gf,/\?,s'a" ]W’Ej (_0535“:‘]Wy}
F8.9 | 734
7?‘%,5‘}/\%5’01 ]wqj'w'??‘lf-CDj?j—bi\w)’, ':2"?7’"7[’
-84 e
= 9.2
}Wx}:HiON /w7\ b2 K
L =~ T B Wy==69.2N

An 8 kg box starts sliding down a ramp which is at an angle of 35° to the horizontal. The box begins
sliding from a height of 5 m. The coefficient of kinetic friction is 03.
How long does it take the box to reach the bottom of the ramp?

Answer
T 4 tekge 2he box £.D S
£ Pk L el of Eheraag
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Do our results make sense?

b 4
Q:*+3.22% N=64Y.2N Atz 2.32s <1,

Does it make sense that our result for. n is positive?
n represents the magnitude of the normal force, and a B
magnitude can’t be negative, so, yes, it makes sense that n came J‘:k
out positive.

Does the size of our result for n make sense? To prevent the box
from beginning to move down into the surface of the ramp, 7
must cancel w,. So we must have: n = |w,|
So, yes, it makes sense that:

n=642N = |w,| e
Therefore, in the new Free-body diagram on the right, I have now R [ .
drawn the length of the w, arrow equal to the length of the n
arrow.

Does the sign of a, make sense? Our result for a, came out positive, indicating an acceleration
pointing parallel to, and down, the ramp.

The box started from rest and then began moving down the ramp.

In general, the direction of the acceleration vector does not indicate the object’s direction of
movement. But, if an object starts from rest, then the direction of the acceleration vector does indicate
what direction the object will begin moving.

The only way the box could begin moving down the ramp would be if it experienced an
acceleration pointing down the ramp. So, yes, it makes sense that the acceleration points down the
ramp.

Does the magnitude of a, make sense? Our result for |a| is less than the magnitude of free-fall
acceleration (3.22 m/s* < 9.8 m/s?). Does that make sense?

9.8 m/s* is is the magnitude of the acceleration that would be caused by the full force of the object’s
weight, unimpeded by any other forces.

In this problem, the acceleration down the ramp is being caused, not by the full weight force, but
only by w,. Furthermore, a portion of w, is being cancelled by ]?k . For both of these reasons, yes, it
makes sense that the magnitude of the acceleration is less than the magnitude of free-fall acceleration.

Intuitively, it should make sense that an object that slides down an incline will accelerate less
quickly than an object that is dropped into free-fall.

At (time elapsed) must be positive, so in our solution we took the positive square root of 5.4.

Does the size of At make sense? Is it reasonable that a box could slide down a ramp from a height
of 5 m in about 2 seconds?

1 m is roughly 1 yard, so 5 m is roughly 5 yards. 1 yard is 3 feet, so 5 m is roughly 15 feet.
Therefore, the box is sliding down the ramp from a height of roughly 15 feet. I think it does seem
reasonable for the box to slide down a 15 foot tall ramp in about 2 seconds.
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Recap

Don’t assume that the number you are given in the problem is the number you need to plug
into your equations, even if it has the correct units.

This problem gave us the number 5 m, which has the correct units for Ax. Nevertheless, 5 m is not
the correct number to plug into our kinematics equations for Ax. The correct number to plug into the
kinematics equations for Ax is the number we figured out using SOH CAH TOA, +8.7 m.

If you were unable to determine Ax for this problem, you can get more practice with the SOH CAH
TOA process from my video series “Sine, cosine, and tangent: SOH CAH TOA?”, available on my
website.

Begin the kinematics column with a list e
of the five general kinematics variables.

Underneath this list, write the specific A % LX‘X Uf " \G " O b
J

numbers and symbols that apply for the j
kinematics variables for the problem you are ) i
working on, as shown at right. A 'f.— +8 -; M, O ) \/ Q X
When appropriate, label the kinematics T T
variable that the question is asking you for T
with a “?”, as shown at right. nownNs§ —=> 1+
When you know values for three of the 3 5 3 22
kinematics variables, you can choose a

kinematics equation. Choose the equation that is missing the variable that you do not care about. For
example, on this problem, we did not care about the variable v4. Therefore, we picked the kinematics

equation that was missing At: Ax=v, At+ % a (At)

Remember that for this problem, we know that v;, = 0, because the wording of the problem (“the
block starts sliding down the ramp”) implies that the object began from rest.

When combining Newton’s Second Law with one-dimensional kinematics, use the “three-column
approach” for organizing your work which we demonstrated on the previous pages of this solution.

To determine the order in which to work with the columns, count the unknowns for the Newton’s
Second Law equations, and count the knowns for your kinematics framework.

When a Newton’s Second Law equation has one unknown, you’re ready to solve it.

When you know values for three kinematics variables, you’re ready to choose and solve a
kinematics equation.

On this problem, we used ay as the “connecting link” between our kinematics framework and our
Newton’s Second Law framework. We used the Newton’s Second Law equations to determine a,, then
plugged our value for a, into the kinematics framework.

But remember that, on the previous problem, we first used the kinematics framework to determine
a,, then substituted our value for a, into the Newton’s Second Law equations.

Also keep in mind that, for a problem in which the object is moving in the y-component, we would
use a,, rather than a,, as the connecting link between the frameworks.
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Video (6)

part (a)

_}
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2L b+t =0

+22.6 b +22.6

FQPP: 22.6N

As discussed on the next page, for part (a), we assume that the block is on the borderline between

sliding up the inclined plane and not sliding; and, for part (a), we assume that at the borderline the
block does not slide.

Therefore, we apply maximum static friction. Since the block is on the borderline of sliding
parallel to, and up, the incline, to prevent sliding the static friction must point parallel to, and down, the

incline. And, since the block is motionless, we can substitute 0 for both a, and a, in our Newton’s
Second Law equations.

The direction of the applied force is given in the problem.
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A block of mass 4.0 kg is sitting on an inclined plane. The plane is inclined at an angle of 20° above
the horizontal. The coefficient of static friction between the plane and the block is 0.25; the kinetic
friction coefficient is 0.10.
Suppose that someone exerts a force on the block parallel to the incline.
(a) What minimum force must be exerted on the block to get it started moving up the incline?
(b) If this force is continually applied, what will be the acceleration of the block once it starts moving
up the incline?
- (Q) ?: Minmum F“-pp to mahkt 'é;‘{. '
'_;',____O block s¥4.4 Mmoving WA the sacling
V =horderliae Fapf Gt which thebloch
IS on the borderling brhween Moving Lp
4he incling and Aol moving
Assumey Lhat By of the borderlise Value,
PAssums that,at the borderliat Fap,
V26" #he block does nst slide,

The question asks for the “minimum” force to make the block start moving. This question is really
asking us for the borderline force, at which the block is on the borderline between sliding up the incline
and not sliding.

So to solve part (a), we must assume that F,,, is equal to the borderline value.

When F,,, is equal to the “borderline” value, you can assume either that the block will slide, or that
the block will not slide, whichever is convenient for solving that part of the problem.

For a minimum or maximum problem involving whether an object will slide, it turns out that the
convenient assumption is to assume that the object does not slide.

So for part (a), we assume that the block does not slide, even though that assumption might seem
to contradict the wording of part (a)!

T}\{ L;n'OCh
Jo€s not glide

The block

Jdoes glhid_
Up the incline

Feps

—_—— - — — — —

b orier [1ne
Fopp= *
When F,,, is equal to the “borderline” value, you can assume either that the block will slide, or
that the block will not slide, whichever is convenient for solving that part of the problem.
Since we assume for part (a) that the block does not slide, for part (a) we apply static friction, not
kinetic friction.
Since we assume that the block is on the borderline of sliding, we apply maximum static friction.
So we can use the special formula for determining the magnitude of maximum static friction,
max f; = pn.  (Notice that the “max f; = un” special formula only applies for problems in which we
assume that static friction it at its maximum.)
Since we assume that the block does not slide, the block will be motionless in both components,
so we can substitute 0 for both a, and a, in our Newton’s Second Law equations.
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Here is the process for breaking the weight force into components. Notice that, because the block
will move up the incline in part (b), we have chosen an x-axis that points parallel to, and up, the incline.

Sod CAH TOA

<in 2077 opy oy 20 * 894
hiy A i

<in20t7 [osl coszo®z Wyl
39,72 L !

gﬁ,z-gfn?oer M% Wo-Lal 20" sz) 2
g A

Jwal= 13,49 N Juyl=36.¢ N
U\)rxi._]s_t}]\} WV:”gé.?M

A block of mass 4.0 kg is sitting on an inclined plane. The plane is inclined at an angle of 20° above
the horizontal. The coefficient of static friction between the plane and the block is 0.25; the kinetic
friction coefficient is 0.10.

Suppose that someone exerts a force on the block parallel to the incline.

(a) What minimum force must be exerted on the block to get it started moving up the incline?

(b) If this force is continually applied, what will be the acceleration of the block once it starts moving
up the incline?

(a) 2= minimum Fapp to maht é‘l‘{ |
gy M‘ock sh,,,-{ ﬂ.ov;nJ wp the iacling
IS on the borderling brlvee, moving Up
the incling and el nauiﬂj
520° HS Sumg ‘éhﬂ'& FG‘PP it u{- {:‘t{, borde I re velue,
Assume {:Ln{aaé Lhr borderliat Fg,.h
the block does ast slide,

Raswer to (o)

A minimum Yorce of 23N must
be exerted on £he block +o 3et
it started mOu?nj up the incline.
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Do our results for part (a) make sense?

éJFx:mOx é‘F :fmq),
g ¥ Dhy FPAHS Foa ¥ F"‘f’/"‘“mgx Wy * Ny +I"\U>($S' Fc—ﬁ/‘7 (
13‘!+0+(7~5" Fapp RO spa4m . © *Q o)
- 3.4 _ 25A +Fapy -36.8 1 _hfzgg
-—Jg-‘-} ~.25(34.0%
]31{ Y ;FQN— A= 36.2N

+27 Q +22.6
FO,D/): 22~6N
Nn=36.8N
]Wx""u 4N

/2/0__ TP a—

Does it make sense that our result for n is positive? n represents the magnitude of the normal
force, and a magnitude can’t be negative, so, yes, it makes sense that n came out positive.

Does the size of our result for n make sense? The block begins at rest in the y-component.. w, is
trying to make the block begin start moving into the surface of the incline. To prevent the block from
beginning to move into the surface of the incline, 1 must cancel w,.

So, yes, it does make sense that n = 36.8 N = |w,|. So, yes, the size our result for n does make sense.

Does it make sense that our result for F,, is positive? Yes, because the symbol F,,, stands for the
magnitude of the applied force, and a magnitude can never be negative.

Does the size of our result for F,,, make sense? The block begins at rest and, in part (a), we assume

that the block remains at rest. So, to prevent the block from beginning to slide, we see from our Free-
body diagram that F wp Must be exactly canceled by the combination of max fs and w,. So we
must have F,,, = max f; + |wy/. This is indeed the case: max f; + |w,| =9.2 N+ 13.4N =226 N =F,,
(Notice that the value of 9.2 N for max f; was calculated during our work on the Newton’s Second x-
equation, as shown above.) So, yes, our result for the size of F,,, does make sense. In the Free-body
diagram above, I have drawn the length of F op €qual to the sum of the lengths of max fs and w,,

to reflect this relationship.
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part (b)
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For part (b), we used the value for F,,, that we determined in part (a), 22.6 N.

This is the borderline value of F,,. So, for part (b), we continue to assume that the block is on the
borderline between sliding up the inclined plane and not sliding. But, for part (b), we assume that at
the borderline the block does slide.

Therefore, we apply kinetic friction. Since the block is sliding parallel to, and up, the inclined
plane, to prevent sliding the static friction must point parallel to, and down, the inclined plane.

And, since the block is moving up, we can still substitute 0 for a,, but we do not substitute 0 for a,.

26 www.freelance-teacher.com


http://www.freelance-teacher.com/

NEWTON’S SECOND LAW PROBLEMS Brief solution for Video (6)

A block of mass 4.0 kg is sitting on an inclined plane. The plane is inclined at an angle of 20° above the
horizontal. The coefficient of static friction between the plane and the block is 0.25; the kinetic friction
coefficient is 0.10.

Suppose that someone exerts a force on the block parallel to the incline.

(a) What minimum force must be exerted on block to get it started moving up the incline?

(b) If this force is continually applied, what will be the acceleration of the block once it starts moving
up theincline?

(/C‘D?:Cl,?: direction o%:a}

I R i et e O
once Lhe block sta ts moving up the incline
Assumx, '[ffna{ qu,p_- T fU) the berderline value
F] SSUMR “élsc.f 0\'(7 tha bafacf!';n{, Fa‘o,oJ
120° £he block does slide,

The wording for part (b) says that we will continue to apply the value of F,,, that we determined in
part (a). But remember that this value of F,,, is the “borderline” value, at which the block is just on the
borderline between starting to slide up the incline and not starting to slide. So, for part (b), we will
continue to assume that F,,is at this borderline value (22.6 N). So, in the first row of our Force Table
for part (b), we write “F,, = 22.6 N”.

When F,, is equal to the “borderline” value, you can assume either that the block will slide, or that
the block will not slide, whichever is convenient for solving that part of the problem.

Part (b) is asking us to determine the acceleration with which the block starts to move. Therefore, to
solve part (b), we will assume that the block does start to slide. (If we assume that the block does
not slide, then we will obtain an acceleration of zero, which could not cause the block to start moving.)

The hlogc k

does glid
up the incline

The hlo <R
Joes Ao{h S!i‘a?-.

%

—_— — — — — —

b prd Q('l":f‘e

Fapp=2=22.6N

When F,,, is equal to the “borderline” value, you can assume either that the block will slide, or
that the block will not slide, whichever is convenient for solving that part of the problem.

Since we assume for part (b) that the block does slide, for part (b) we apply kinetic friction, not
static friction.

Since we assume that the block does slide, the block will be moving in the x-component. The block
will be motionless only in the y-component. So, in our Newton’s Second Law equations, we can still
substitute zero for a,, but there is no longer any reason to substitute zero for a,. In fact, since we are
now assuming that, from rest, the block is beginning to slide, we know that a, cannot be zero. a, is what
we need to determine in order to answer the question for part (b).
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Since a, = 0, most professors would probably regard “a, = 1.4 m/s*” as an acceptable answer for
part (b).

Do our results for part (b) make sense?

Does it make sense that our result for » for part (b)
is the same as for part (a)? There have been no
changes to the forces or acceleration in the y-
component for part (b), compared to the y-component
for part (a). So, yes, it makes sense that our result for
n is the same for parts (a) and (b).
Notice that we did not assume that n will be the
same for part (b) as for part (a). We used the Newton’s —~
Second Law equations to determine whether n is the | g
same in part (b) as in part (a). e
Although n turned out to be the same in both parts oa - el SR
of this problem, keep in mind that in other multi-part
problems, n may be different in different parts of the problem. Use the Newton’s Second Law equations
to determine 7 in each part of a multi-part problem.

Does it make sense that our result for ay is positive? The
object begins at rest in the x-component. In part (b), we v / /
assume that the object begins sliding up the incline. To
begin moving up the incline requires that a, points up the a

/
incline (the positive x-direction), so, yes, it makes sense
that our result for a, is positive. 120°
Remember that, by itself, the direction of the
acceleration vector does not indicate the object’s direction of movement. But, if the object starts from
rest, then the direction of the acceleration vector does indicate what direction the object will begin
moving.
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Recap:

When part (a) asks for the minimum F,, to get the block moving, it is really asking for the
borderline F,,, at which the block is on the borderline between sliding up the incline and not sliding.
|
THE hWloc R

doe s glhid
U‘P the iacline

T he blo <k
O)oes AO% S}I‘da.

|
|
|
|
|
|
‘ “rf
bhorderline

Fopp=2=22.6N

When F.p, is equal to the “borderline” value, you can assume either that the block will slide, or
that the block will not slide, whichever is convenient for solving that part of the problem.

To solve a maximum or minimum problem involving whether an object will slide, such as part (a)

of this problem:
Assume that the object is on the borderline between sliding and not sliding.
Assume that, at this borderline value, the object does not slide.
Therefore, apply maximum static friction in your solution. Use the special formula “max f; = psn”™.
To determine a, and a,, use your assumption that, at the borderline value, the object does not slide.
So, for part (a), we substituted a, = 0 and a, = 0 into our Newton’s Second Law equations.

Part (b) asks for the object’s acceleration, if the F,,, equals the value determined in part (a), and if
the object does begin sliding with this applied force.

In our solution to part (b), we again assumed that the object was at the borderline between sliding
and not sliding, so for part (b) we used the value for the borderline applied force, F,,, = 22.6 N, that we
determined in our solution for part (a).

In part (b) it was convenient to assume that the object will slide at the borderline F,, so that we
could determine the object’s acceleration as it slides. Therefore, in part (b), we used kinetic friction, not
static friction; and we used the special formula “f, = uwn”; and we no longer said that a, = 0.

How can we say that the block does not begin to slide when F,,, = 22.6 N in part (a), and that the
block does begin to slide when F,, =22.6 N in part (b)? We can say both things because F,,, = 22.6 N
is the borderline applied force, at which the object is just on the borderline between beginning to slide
and not beginning to slide. Strange as it might seem, at the borderline value, it is a valid problem-
solving technique to say either that the block will slide, or that the block will not slide, whichever is
convenient for that part of the problem.

What would happen if we set F,, exactly equal to the borderline value in real life? That question
has no practical importance. Since our data for any real-life problem is always approximate, we would
never know exactly what the borderline value is for any real-life situation.
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Video (7)
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In part (b) the box will move down, so I have chosen down as the positive y-direction for this
problem. If you chose “up” as your positive y-direction, then some details of your solution will differ

from mine, even if your solution is correct.

Fapp
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A 6.0 kg box is being pushed against a wall by a force F,,, which is applied at an angle of 35° above
the horizontal. The coefficient of static friction between the wall and the box is 0.40; the kinetic
friction coefficient is 0.25.
(a) What minimum value of F,,, is required to prevent the box from sliding down the wall?
(b) Now suppose that the value of F,, is reduced to half this value. Determine the acceleration of the
box. :
? S pminimuns F'a_

. (Q) to preveat {;Pfc, b ¥rom sl-'r.lif:, Jown the wall
-—}

- = bhorde-line Fap :
Vv O at which éhtfbﬂ is on the borderliae
between s liding Jowa the wall and et Sliding

Assume Fapp is at the berderliae value.
__________ A ssume that at the borderline Fopp,
£ -&h{ box w'-“ ﬁé shide.

The question asks for the “minimum” force to prevent the box from moving. This question is really
asking us for the borderline force, at which the box is on the borderline between sliding down the wall
and not sliding. So to solve part (a), we must assume that F,,, is equal to the borderline value.

To solve a “minimum or maximum problem involving whether an object will slide”, assume that
the object does not slide at the borderline value.

—he b ox slides The box

downward Joes not slide

|
|
|
I
|
I
+ F
borderliine

Fapp = -

pP

Since we assume for part (a) that the box does not slide, for part (a) we apply static friction, not
kinetic friction.

Since we assume that the box is on the verge of sliding, we apply maximum static friction. So we
can use the special formula for determining the magnitude of maximum static friction, max f; = pn.

Since we assume that the box does not slide, the box will be motionless in both components, so we
can substitute 0 for both a, and a, in our Newton’s Second Law equations.
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The normal force points perpendicular to, and away from, the surface
that is touching the object. So, on this problem, the normal force points
perpendicular to, and away from, the surface of the wall. So, on this
problem, the normal force points “left”.

Frer-body Qiegrem

¢ howing cll 2he [orceg

on the hox

T

To determine the direction of the maximum static friction force: Am ——

1. Ask, in what direction are we imagining the object to be on the —>
verge of sliding? i

2. The direction of the max f, is parallel to the surface, and 354
opposite to the direction determined in step 1.

In part (a), the box is on the verge of sliding down the wall. So, to the _s
prevent the box from beginning to slide down the wall, the max [, will E‘P P
point parallel to, and up, the wall. \ 2

Method for breaking the applied force into components:

093
Fappx
opp ¥ 35° "
= hyp ‘
appsy
f
Q P P
Sol CAH TOA
.%;,\35’1;:@9 Cog 5" =ad;
hp Py
i 35S Ll cos35° = Formx]

F“"PF Fap{’

5 c5in 35 “ Ve oy FGPP'COSBSO :%ﬁ— “Fape
PP +
\:.57L’ FOPP JFaH:a,x): -E’q FQPP

‘ r ’
F y
& 8 PP

== 3T F“PP Fapp, %
L
): Qpp,y g
Notice that we can break the applied force into components, even though we don’t have a value for
the magnitude of the overall force. We simply represent the unknown magnitude of the overall applied

force with the symbol F,,,. We use the symbol F,,, to represent the length of the hypotenuse.
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of two simultaneous equations in two unknowns:

1. Begin by solving one of the equations for one of the unknowns. Solve for the variable that is the

easiest to solve for in the two equations.
2. Substitute the algebraic expression obtained
3. Solve the equation obtained in step 2 for the

in step 1 into the other equation.
second unknown.

4. If you care about the remaining unknown, then substitute the value or expression obtained in step

3 into the equation obtained in step 1 to determine

the remaining unknown.

£F,
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.99k,
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n=5349N

N

$8.8 ~ JY(819)Fo,pp
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58.8 _ 362 Fopp
q0Z. 96
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For clarity I have broken the algebra into many little steps. If the algebra was easy for you, it would be

fine to skip or combine some of these steps.

We do not need to know the value of n in order to answer the question for part (a). Nevertheless, I
have executed Step 4 from the Substitution Method and determined the value for n, because knowing
that value will help us to check whether our collection of results for part (a) make sense, as discussed

on the next page.
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Do our results for part (a) make sense?

X
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The symbols n and F,, both stand for magnitudes. A magnitude can never be negative, so, yes, it
does make sense that our results for » and £, are both positive.

Notice that we have performed some extra calculations, above, in order to determine values for

Fappx> Fappy, and max f;. These values will help us to check if our collection of results for part (a) make
sense.

Fappx 18 trying the make the box begin moving to the right. To prevent the
box from beginning to move to the right, the wall must exert a normal force that
will cancel out Fy,px. S0, yes it makes sense that: 7 =53.4 N = |Fypp4 3B

In the version of the free-body diagram above, I’ve drawn the arrow for

n equal in length to the arrow for Fy,., to reflect this relationship. E
“pp

The weight force is trying to make the box begin moving downward. But, in our solution for part
(a), we assumed that the box would not begin to slide downward. So F,,,y and max fs must
cooperate to cancel W . So, yes, it makes sense that:
|Fappyl T max f;=374N+214N=588N=w

I’ve drawn the length of the arrow for w equal to the sum of the lengths of the arrows for Fy,,
and max fs , to reflect this relationship.
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part (b)
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As we work on part (b), we must carefully consider which parts of our solution to part (a) can
be reused for part (b), and which parts of our solution to part (a) no longer apply to part (b).

The wording for part (b) says that in part (b) we will apply a value of F,, that is half of the
“borderline” value that we determined in part (a). The borderline value we found in part (a) is 65.2 N,
so for part (b):  Fg,=65.2/2=326 N

In part (b), we do not reuse the value for n that we obtained from part (a). Instead, we use the
Newton’s Second Law equations to determine a new value for n.
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A 6.0 kg box is being pushed against a wall by a force F,,, which is applied at an angle of 35° above the
horizontal. The coefficient of static friction between the wall and the box is 0.40; the kinetic friction
coefficient is 0.25.
(a) What minimum value of F,,, is required to prevent the box from sliding down the wall?
(b) Now suppose that the value of F,,, is reduced to half this value. Determine the acceleration of the
box. £
? S min 1munn a
- (O:) to Pr’%\a’tn{ -gfg, bhox Yrom Slidifl, Jdowan the Uﬁ-l/
:O = borderl'-ﬂt quf
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As we work on part (b), we must carefully consider which parts of our solution to part (a) can
be reused for part (b), and which parts of our solution to part (a) no longer apply to part (b).

The wording for part (b) says that, in part (b), we will apply a value of F,,, that is half of the
“borderline” value that we determined in part (a). The borderline value we found in part (a) is 65.2 N,
so for part (b):  Fg, =65.2/2=32.6 N

Since 65.2 N is the minimum F,,, required to prevent the box from sliding downward, with
Fq,=32.6 N we know that, for part (b), the box will slide down the wall. Therefore, we will apply
kinetic friction for part (b).

The kinetic friction force exerted by a surface on an object points parallel to the surface, and
opposite to the direction that the object is sliding. Since in part (b) the box is sliding down the wall, the
kinetic friction force will point parallel to, and up, the wall.

Since the box is moving straight down, the box will be motionless in the x-component. | -X

So, in our Newton’s Second Law equations, we can still substitute 0 for a,, but we do not
substitute 0 for a,. We leave a, as a symbol in the Newton’s Second Law y-equation. 4
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Do our results for part (b) make sense?

)/

N:267N , osr557% |

n is a magnitude, so, yes, it makes sense that the result for n is positive.

fawy, .
N Fk

o
Foppx is trying to make the box begin moving to the right. To prevent the " 267N | | 'ml|=26'7 N

block from beginning to move to the right, the wall must exert a normal
force that cancels Fpp.x.
So, yes, it does make sense that: n=26.7 N = |Fgyp,|
In the version of the Free-body Diagram on the right, I have drawn the arrow
for n the same length as the arrow for F,,,s, to reflect this relationship.
F.ppis half as big in part (b) as in part (a), so it makes sense that n is half \
as big in part (b) as in part (a).

W,

Does it make sense that our result for g, is positive? T —

In general, the direction of the acceleration vector does not indicate the object’s . %
direction of movement. But, if an object starts from rest, then the direction of the J
acceleration vector does indicate what direction the object will begin moving.

The box begins at rest in the y-component. In part (b), the box begins sliding down the
wall. To begin moving down the wall requires that a, points down, which is our positive y-direction, so,
yes, it makes sense that our result for a, is positive.

(Of course, if we had chosen “down” as our positive y-direction for this problem, then we would

have obtained a negative result for a,.)

Does our result for the magnitude of a, make sense?

On this problem, it is interesting to compare our result for the magnitude of a, to 9.8 m/s’.

9.8 m/s? is the magnitude of the acceleration that we would obtain in free fall, due to the force of the
weight, unimpeded by any other forces.

But on this problem, the object’s downward acceleration is impeded by friction ( f . ), aswell as
by F,,. Therefore, on this problem, the magnitude of a, must be less than 9.8 m/s?.

So, yes, it makes sense that, on this problem:
la,| =5.6 m/s*<9.8m/s*’=g

Common sense will also tell you that the box in part (b) will slide down the wall at a slower rate than

it would descend if it were in free fall.
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Recap:

This is the first problem in this series that dealt with a vertical surface (the wall), rather than with a
horizontal surface (such as a floor) or a slanted surface (an inclined plane). Remember, for any type of
surface, the normal force will be perpendicular to the surface, and the friction force will be parallel
to the surface.

We can break F . iNto components, even when we don’t know the magnitude of F awp -

pp
For part (a) we used the Substitution Method to solve a system of two equations in two unknowns:
1. Begin by solving one of the equations for one of the unknowns. Solve for the variable that is the
easiest to solve for in the two equations.
2. Substitute the algebraic expression obtained in step 1 into the other equation.
3. Solve the equation obtained in step 2 for the second unknown.
4. If you care about the remaining unknown, then substitute the value obtained in step 3 into the
equation obtained in step 1 to determine the remaining unknown.
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To solve a maximum or minimum problem involving whether an object will slide, such as
part (a):

Assume that the object is on the borderline between sliding and not sliding. Assume that, at this
borderline value, the object does not slide. Therefore apply static friction. Since the object is on the
verge of sliding, apply maximum static friction, using the special formula: max f; = s n

To determine a, and a,, use your assumption that, at the borderline value, the object does not slide.
So, for part (a), we substituted a, = 0 and a, = 0 into our Newton’s Second Law equations.

For part (a), the object is on the borderline of sliding down the wall, so the max f, points up.

Read part (b) carefully to see that we should set the F,,, for part (b) equal to one-half the F,, we
determined in part (a). As the diagram above indicates, with a F, that is less than the borderline F,,,
we expect the box to slide down the wall. Therefore, for part (b), we applied kinetic friction, not static
friction, using the special formula f, = pwn. The object is sliding down the wall, so fk points up.

In part (b), we did not reuse the value for n that we obtained from part (a). Instead, we used the
Newton’s Second Law equations to determine a new value for n.

In part (b), a,=0 and a,#0. So we begin by solving the Newton’s Second Law x-equation, then
substitute the result into the y-equation. This reverses the pattern we saw in previous videos.
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