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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

Video (7)
Here is a summary of some of the key steps in the solution for part (a):
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

Here is a summary of some of the key steps in the solution for part (b):
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

Here is the step-by-step solution.
Part (a):

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 the incline?
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The problem mentions the concepts of mass, friction force, applied force, and [in part (b)]
acceleration, all of which fit into a Newton’s Second Law framework. So we plan to use the Newton’s
Second problem-solving framework to solve the problem.

The concept of acceleration also fits into a kinematics framework. But there are no other kinematics
concepts mentioned in the problem, so we do not expect to need a kinematics problem-solving
framework for this problem.

We identify what part (a) is asking us for by writing down a “?” and a symbol for the what the
problem is asking, as shown above:  (a) ? = minimum F, to start the block moving

We interpret the question as asking for the magnitude of the applied force, since the direction of the
applied force is already given in the problem. We use the symbol F,,, written without an arrow on top,
to stand for the magnitude of the applied force.

Although the problem refers to the “minimum” applied force, what the problem is really asking for
is the “borderline” applied force—the value of F,,, for which the block is just on the borderline
between starting to slide up the incline and not starting to slide. So we can rewrite the question as
shown above:

(a) ? = borderline F,,, at which the block is on the borderline between sliding and not sliding

Therefore, in order to solve the problem, we will assume that F,, is at the borderline value, at

which the block is on the borderline between sliding up the incline and not sliding. We have written
down this assumption, as shown above.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)
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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.

“pP

As shown in the diagram above, when F,, is less than the borderline value, the block will not begin
to slide.

And when F,, is greater than the borderline value, the block will begin to slide up the incline.

What happens if F,, is equal to the borderline value, as in part (a)? Surprisingly, at the “borderline”
Fqp, we can assume either that the block will slide up the incline, or that the block will not slide,
whichever is convenient for that part of the problem.

It turns out that, for a “minimum or maximum problem involving whether an object will slide”, it is
convenient to assume that the object will not slide. Therefore, for part (a), we will assume that the
block will not slide at the borderline F,,,—even though the wording of part (a) refers to the object
starting to move! This may seem strange, but it is a valid problem-solving technique.

Since we will assume for part (a) that the object does not slide, our plan for part (a) is to use static
friction, rather than kinetic friction.

Since the object will be on the borderline of sliding, for part (a) we should apply the maximum
static friction. The reason that the object is on the verge of sliding is because static friction is “maxed
out”.

Write down all the assumptions we are making for part (a), as shown below:
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Since we are assuming in part (a) that the object does not slide, the velocity in part (a) will be zero.
(Magnitude of velocity = speed. If the object is motionless, then the speed is zero, so the magnitude of
the velocity is zero.)

Write down that the velocity for part (a) will be zero in your sketch, as shown above.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

The problem mentions the mass of the block. This is a clue that our Free-body Diagram should
focus on the block. Draw a Free-body Diagram showing all the forces being exerted on the block.
General two-step process for identifying the forces for your Free-body Diagram:
(1) Draw a downward vector for the object’s weight.
(2) Draw a force vector for each thing that is touching the object.

In this case, the block is being touched by the surface of the inclined plane, which exerts both a
“normal force” and a “friction force”.

We know that static friction applies for part (a), because for part (a) we are assuming that the
block is not sliding. We apply maximum static friction, because the block is on the verge of sliding.

The problem also refers to a force that is being exerted by “someone” on the block, parallel to the
incline. We will describe this as an “applied force”, symbolized by F wp -

Here is the rule for determining the direction of the maximum static friction force:

1. Ask, in what direction are we imagining the object to be on the borderline of sliding?

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

step 1.
In part (a), the block is on the borderline of sliding up the inclined plane.
Therefore, the direction of the max [, will be parallel to, and down, the inclined plane. This is

the direction required to prevent the block from sliding up the incline.
This is the first inclined plane problem we’ve seen in which the friction force points down the
incline, rather than up the incline.

The proble_rp specifies that the Epprwdos gy dieyromn

direction of F,,, is parallel to the o Bgeiay wll Abe Fures
?nclined plane. Since the applied force i Dkn Eleek

is on the borderline of causing the R

block to begin to slide up the inclined =3

plane, we know that the direction of /

F,, is parallel to, and up, the
inclined plane.

(Notice that the direction of F wp 1S F.

not horizontal.) =
— _FS I/

Here is the rule for determining the e
direction of the weight force: e
The weight force always points down. e
-
Here is the rule for determining the 2 R [ 'a?

direction of the normal force:

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

inclined plane.
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It is usually best to choose an axis that points in the object’s direction of motion. For part (a), we are
assuming that the block is motionless; but the block is on the borderline of moving up the incline.
Furthermore, in part (b) the block will indeed be moving up the incline. So we choose a positive x-axis
that points parallel to, and up, the incline. And let’s choose a positive y-axis that points perpendicular
to, and away from, the incline. Write down your axes, as shown above.

This is the first inclined-plane problem we’ve seen in which we’ve chosen a positive x-axis
pointing up the incline.

Remember that for part (a) we have decided that we are applying maximum static friction.

There is a special formula for the magnitude of maximum static friction: “max f; = ps;n”. We apply
this special formula to represent max f; in our Force Table. For part (a), be careful to use 0.25, the
coefficient of static friction, rather than 0.1, the coefficient of kinetic friction.

The “max f; = psn” formula only applies when we assume that static friction is at its maximum. If
we were not assuming that static friction is at its maximum, then there would be no special formula for
representing the static friction.

In an introductory course, most static friction problems will involve maximum static friction, so, for
most static friction problems you can use the special formula “max f; = pn”.

But you may occasionally see a static friction problem in which you are not assuming the static

friction is at its maximum. For such a problem, you can not use a special formula to represent the
magnitude of the static friction.

We are not given a value for the magnitude of the applied force, F,,. [After all, F,, is what part (a)
is asking for.] And there is no special formula for the magnitude of the applied force. So we simply
represent the unknown magnitude of the applied force by a symbol, F,,,.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

In this problem, the weight vector is neither parallel nor anti-parallel to either axis, so we need to
draw a right triangle in order to break the weight vector into components.

We can use this rule to draw Wa
the components of a vector: 2
Draw a right triangle, with the >
overall vector representing the \7 o
hypotenuse, one leg of the - o w=2392N
triangle parallel (or anti-parallel) " Wy~
to the x-axis, and one leg of the e
triangle parallel (or anti-parallel) g Sl C
to the y-axis. The two legs of the _~ - )
right triangle represent the x-
and y-components of the vector.

So, we draw one leg of the right triangle parallel to our x-axis. We draw the other leg of the right
triangle parallel to our y-axis. (Actually, in a moment we will see that the two legs are actually anti-
parallel to the axes.) 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 in the
negative x-direction, w, points in the negative y-direction. We have added these signs to the sketch.

This is the first problem we’ve seen in which both components of the weight force are
negative.

4]

Next, use geometry to find Wy=-
the angles inside right triangle
AABC. B, A
Begin by extending line - e
AC down to point D, and by i w=39.2N
extending the horizontal line _— — oy
from point E to point D. This P 7
creates a new right triangle, S =
AADE. e Pk B :
The acute angles in a - - — — — -
right triangle add to 90°. E D

In right triangle AADE, the acute angles are 6 and a.
So 06+ a=90°so 20°+a=90°soa=70°

In right triangle AABC, the acute angles are o and (.
Soa+[=90°so070°+=90° sof3=20°.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

We choose to focus on the 20° angle inside the small right triangle, since that matches the
angle we were given in the problem. Therefore, our assignment of the “opposite” and “adjacent”
legs is based on the 20° angle, not on the 70° angle. Mark the 20° angle with an asterisk (*) to
indicate that that is the angle we have chosen to focus on.

The length of the hypotenuse (39.2 N), representing the magnitude of the overall weight
vector, was calculated earlier from the w = mg special formula.

hyp Y
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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 in a separate step, based on the directions of the component arrows in our right triangle.

This is the first problem we’ve seen in which both components of the weight force are
negative.

www.freelance-teacher.com


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

NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

Add your results for w, and w, to your Force Table.

Fofcg TCXI/J}Q \Y/"

w=332NM N mox OB (. gy SR
wk b “-}?)L”\/ ﬂ‘X ) O maoXx sti-—ﬂ_ilgn F&’P.x: + Faff CdmMup oA eatS

WY:—36.?N ﬁ\/:+n MOJ(‘FS),:O ]';W -

It is crucial to include negative signs for w,, w,, and max f...
You should include plus signs in front of positive components (such as n, and F,,,,), because that
will help you remember to include the crucial negative signs in front of negative components.

Next, we can use our Force Table to set up our Newton’s Second Law equations, as shown below.

If an object is motionless in a component, or if an object moves with constant velocity in a
component, then that component of its acceleration is 0.

For part (a), we are assuming that the object is not moving.

So, for part (a), the object will be motionless in both the x- and the y-components.

So, for part (a), we can substitute a, = 0 and a, = 0 into our Newton’s Second Law equations.

fo:fv‘Ox 8 g

T T R
4 Ny tMmox Tsx  Tepp,x W
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Remember that, at the borderline F,, it is valid to assume either that the block will slide, or that
the block will not slide, whichever is convenient for the part of the problem that you’re working on. We
have said that, for “minimum or maximum problems involving whether an object will slide”, the
convenient assumption is that the object will not slide at the borderline. Now you can see why that
assumption is convenient for this problem: it allows us to substitute O for a,.

If we had assumed that the block will slide at the borderline, we would not be able to substitute 0
for a,. As a result, our equations would have too many unknowns, and we would be unable to solve the
equations for F,.

Moral: For “minimum or maximum problems involving whether an object will slide”, assume
that the object does not slide at the “borderline” value, and use that assumption to determine a, and
a,. Use “max f; = ps;n” in your Force Table.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)
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The Newton’s Second Law x-equation has two unknowns (n and F,,), so we are not ready yet to
solve the Newton’s Second Law x-equation.

The Newton’s Second Law y-equation has only one unknown (n), so we can solve the Newton’s
Second Law y-equation for n.

#'Fu= oy £ P = vy

' ~ +
U.);-(”L Ny +Mmox IFS-X+F5_P/>J><HMQX w7+ ﬂy +Mmax ;57’ Fc‘/’f’y— ( 7)
13 ‘{+o+(—15‘n) * Fapp =H0) 3 34n + o +0 =40
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n- /5(1,8N

Check: Does the sign of our result for n make sense? n came out to be 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.

Check: Does the size of our result for n make ns 36.8 N
sense? The block begins at rest in the y-component.. \
w, is trying to begin the object moving into the
surface of the incline. To prevent the block from ‘ fg’iﬁp

beginning to move into the surface of the incline,

i \
i must cancel w,. So, yes, it does make sense that P )'\
n=36.8N =|w)| e 'L
So, yes, the size our result for n does make sense. -l
In the version of the Free-body Diagram on the 555 \ -
right, I have drawn the arrow for 71 the same e | W)'J = 36.8N

length as the arrow for w, to reflect this relationship.
Do not say, “on this problem, the normal force equals w,.” The normal force points in a different

direction than w,, so the normal force does not equal w,.
Instead, say, “on this problem, the magnitude of the normal force equals the magnitude of w,.”
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Substitute the value of n we determined from the Newton’s Second Law y-equation into the
Newton’s Second Law x-equation. The Newton’s Second Law x-equation now has only one unknown
(Fapp), S0 we are ready now to solve the Newton’s Second Law x-equation for Fip,.
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22.6 N

Check: Does the sign of our result for F,,, make sense? Our result for F,,, came out to be positive.
This makes sense, because the symbol F,,, stands for the magnitude of the applied force, and a
magnitude can never be negative.

Check: Does the size of our result for l,f’

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 "},,u =22.6N
from beginning to slide, we see from our ‘ i

Free-body diagram that F wpp Mustbe

exactly canceled by the combination of

max fs and w,. So we must have:

Fapp = max f; + |y

This is indeed the case: -
max f,+ |w =9.2N+13.4N=226N = 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 wp €qual to the sum of the lengths

Fopr”

Jwi|= IB‘M,

~ max$sT2N |

e g \ )
=) 7 v

of max fs and w,, to reflect this relationship.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

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 the incline?
(q) 22 minimum qup to maht thy
block stg,4 Mmoving Wp the incling
\/:O = horderling Fap,o at which thebloch
/ s on the borderliag between s I
4he incling and net mMoving

A s sumsg Lhgt FG.’DF ic ot the bordesline velue,

120° Assum=z '[:f—m{J at Lhr borderliag F“Pﬁ;
the block dees net slide.

(a)
H = m For ,(: /]/\cao)mfuJe,'Z.3 N must L:le Pxef{‘f:l
iAot pald e o ' . ‘
lhe wleehk To ‘)CJC\E SJTG\I‘{(’IJ MoJing up the | nc]ine.
on

Answer to

While solving part (a), we assumed that the block does not start to move at the borderline Fp,.
Nevertheless, in our answer to part (a), we interpret the borderline F,,, as the minimum force required
to make the block start moving. Again, this is valid because, at the borderline F,,,, you can assume
either the block will slide or that it will not slide, as is convenient.

Recap for part (a):

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.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

Part (b):
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 the incline?

(/(A?:Q,,?: directiva c.%::‘f

US}/‘J tie FQ,fP ;rom f&-rt (G\.) ' ‘
onte thr block sta-ts moving p the iacline

ﬁSS\_‘M)\' 'é!d&{ FQPP:Z26MJ f‘;h?.. bw'JEr“"(.Uu}uE.

N2O"

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).

We identify what part (b) is asking us for by writing down a “?” and a symbol, or words and a
symbol, for the what the problem is asking, as shown above:
?=a
? = direction of @
Remember that the symbol a, written without an arrow, stands for the magnitude of the overall
acceleration vector.

Acceleration is a vector, so I will choose to interpret the question as asking for the magnitude and
direction of the overall acceleration vector. But, since a, is zero, for this problem most professors
would probably settle for you just reporting the value of a,.

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 we write down that, for
part (b), we will continue to assume that F,, is at this borderline value (22.6 N), as shown above.
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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.

o )

The block begins the problem at rest. As shown in the diagram above, when F,, is less than the
borderline value (22.6 N), the block will not begin to slide.

And when F,,, is greater than the borderline value, the block will begin to slide.

What happens if F,, is equal to the borderline value, as in part (b)? Surprisingly, at the “borderline”
Fopp, we can assume either that the block will start to slide up the incline, or that the block will not
slide, whichever is convenient for this part of the problem.

Part (b) is asking us to determine the acceleration with which the block starts to slide. Therefore, for
part (b), it is convenient to 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 object to start sliding.)

Therefore, for part (b), we will assume that the object will start to slide at the borderline F,,
— even though we made the opposite assumption about the borderline F,,, in part (a)! This may seem
strange, but it is a valid problem-solving technique.

Since we will assume for part (b) that the object does slide, our plan for part (b) is to use kinetic
friction, rather than static friction.
Write down all the assumptions we are making for part (b), as shown below.

(/@?_‘Gl,?:d}rect:o,\ OS?E?
T/)‘/ quAj the ch,fp Yrom ,Darf (CL)

once Lhe block sta, s moving p khei anlin®

ﬁSS\JM-\ -él’w‘{ qup_" Z 2,6 MJ f}n&. berderline velue ,
Assume that ot tha berderling FanJ
1207 £he block does siide,
Since we are assuming in part (b) that the object does start to slide, the velocity in part (b) after ¢,
will point up the inclined plane. (Direction of velocity = object’s direction of motion.)
Write down this velocity vector in your sketch, as shown above.

1 To be more precise, if F,, is a little less than 22.6 N, the block will not slide. But on this particular problem it turns out
that, if Fp, is much less than 22.6 N, the block will actually start to slide down the incline. The possibility of the block
sliding down the incline will not be important for our solution of this problem.
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Draw a Free-body Diagram showing all the forces being exerted on the block in part (b).

General two-step process for identifying the forces for your Free-body Diagram:
(1) Draw a downward vector for the object’s weight.
(2) Draw a force vector for each thing that is touching the object.

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).

In part (b), we assume that the object is sliding. Therefore, for part (b), we apply kinetic friction,
not maximum static friction.

Here is the rule for determining the direction of the kinetic friction force:
Direction of the kinetic friction force on an object =
parallel to the surface, and opposite to the direction that the object is sliding

The wording of the problem refers to sliding up the incline, not down the incline. Therefore, in part
(b), we assume that the block is sliding up the incline.

Therefore, the direction of f . will be parallel to, and down, the inclined plane. (Friction
opposes sliding.)

The other forces in part (b) are the same as in part (a).
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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).

Remember that for part (b) we have decided that we are applying kinetic friction, not maximum
static friction. So for part (b) we use the special formula fi = pn.
For part (b), be careful to apply the coefficient of kinetic friction (0.1), not the coefficient of static

friction (0.25).

In part (b) we continue to assume that F, is equal to the “borderline” value. In part (a), we
discovered that the borderline F,,, = 22.6 N, so we continue to use that number for part (b). [The
wording for part (b) specifically tells us to apply the same value for F,, for part (b) that we found in

part (a).]

We will not assume that the value for n is the same in part (b) as in part (a). We will let the
Newton’s Second Law equations determine for us whether n for part (b) will be the same as in part (a),
or different than in part (a).

The block has the same mass as in part (a), so the weight is the same in part (b) as in part (a).
And we are using the same axes as in part (a), so the components of the weight force are also the same

as in part (a).

www.freelance-teacher.com


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

NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (7)

For“tz TCAIO}Q ></x
~ifudes of €L E

Ww=392NV | n Fo=0ln 7726 N eeerraguideleg L 202,

wk:._jgf)[\/ ﬂy:o -Cb\%:fo'}n Fapfx:+22'éw Comp oa eat s
w7:~36.?l\/ ﬁ\j:')-ﬂ 'Fky: O -0

o

Next, we can use our Force Table to set up our Newton’s Second Law equations for part (b), as
shown below.

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).

If an object is motionless in a component, or if an object moves with constant velocity in a
component, then that component of its acceleration is 0.

For part (b), we are assuming that the object is sliding parallel to, and up, the incline.

So, for part (b), the object is still motionless in the y-component.

So, for part (b), we can still substitute a, = 0 into our Newton’s Second Law equations.

Unlike in part (a), there is no reason to substitute a, = 0 for part (b). In fact, since we are now
assuming that, from rest, the object 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).

é‘Fx:f‘/‘G‘x Bk, =
fry Ry
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The x-equation for Newton’s Second Law has two unknowns (n and a,), so we are not ready yet to
solve the Newton’s Second Law x-equation.

The y-equation for Newton’s Second Law has only one unknown (n), so we can solve the Newton’s
Second Law y-equation for n.
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Check: Does it make sense that our result for n for
part (b) is the same as for part (a)? We can see now
that there have been no changes to the forces or
acceleration in the y-component for part (b), compared F
to the y-component for part (a). So, yes, it makes o
sense that our result for n is the same for part (a) and u
part (b).

S|

)

Notice that we did not assume that n will be the L
same for part (b) as for part (a). We used the Newton’s e &)
Second Law equations to determine whether n is the = ——— 7
same in part (b) as in part (a).

Although n turned out to be the same in both parts 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 n in each part of a multi-part problem.
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Substitute the value of n we determined from the Newton’s Second Law y-equation into the
Newton’s Second Law x-equation. The Newton’s Second Law x-equation now has only one unknown
(ay), so we are ready now to solve the Newton’s Second Law x-equation for a.
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Check: Does the sign of our result for a, make sense?
The object begins at rest in the x-component. In part (b), v / /
we assume that the object begins sliding up the incline. To //
begin moving up the incline requires that a, points up the Q
incline (the positive x-direction), so, yes, it makes sense
that our result for a, is positive. Remember that, by itself, 20°
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.

Check: Does the magnitude of our result for a, make sense? On typical physics problems, the
magnitude of the acceleration is usually between 0.1 m/s* and 10 m/s*. Our result for the magnitude of
a, is within that range, so, in that sense, yes, our result for the magnitude for a, seems reasonable.

o

;2
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We have determined a, and a,. We are interpreting the question to be asking for the magnitude and
direction of the overall acceleration vector. But, since a, is zero, we know that the magnitude and
direction of the overall acceleration vector will be the same as the magnitude and direction of a,.

ay is positive. The positive x-direction is “parallel to, and up, the incline”. Therefore, the overall
acceleration vector also points up the incline.

The magnitude of a, is 1.38 m/s*. Therefore, the magnitude of the overall acceleration vector is also
1.38 m/s’.

Here is the rule we have used:

If one component of a vector is zero, then the magnitude and direction of the overall vector is the same

as the magnitude and direction of the nonzero component.

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 the incline?
=
g ?:%c)'.rEc’t‘naq oT Q
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Since a, = 0, most professors would probably regard “a, = 1.4 m/s*” as an acceptable answer for
part (b).

Problem Recap on next page.
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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.
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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 would 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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step-by-step solution for Video (8)

Here is a summary of some of the key steps in the solution for part (a):

it = V7
= 5| ﬂ.?)
=YIN

zqu*Q:}%”
= ,7#‘1

[)om’; (o)

Y
Force Table |
AN A fmaxFm 40
W,L:O ﬂ% =N maox stzo
UJ\/‘--..H“IN ﬁ\f‘:O mof'l:sy:"ﬁ”
Z}:X:W\Ox
+ Ny, 4 mox Tox Py tRup =0 () + 0 4 mox Fs,
%W—AXJL O+IKD4O:5(O) 2O
- 1180 =2
’Lf\ _.i:_._.
|3 ON =N

Frea=bedy dieyrem
c howing <l Ehe Fuf'-t(

_-5
Fur
—_—
o Py
w
mu't_-f:
£%
= magaifu of th €
FH = JQON F\d‘.r = 90:9_:51‘1 vectors

F_Hz:-HSON FUP"":‘ O gcbm)ﬂ on tats
FH)’ O F‘-‘hy_‘i- Fu}o

£F, = may
+FHyfF“‘f’)’:mc?

+ 0 *Fup=5 (0

—

<ya #1) =%A

Zyg ~. 494 '}Fu)o:o
-yy  -H(80) + f. =0
-121 ‘}‘Fufro
-)-]2-] J+12)
Fuﬁ = 12l N

www.freelance-teacher.com


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

NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (8)

Here is a summary of some of the key steps in the solution for part (b):
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Here is step-by-step solution.

Part (a):
A 5.0 kg box is being pressed against a vertical wall by a horizontal force of 180 N. The
coefficient of static friction between the box and the wall is 0.40, and the coefficient of kinetic

friction is 0.30.

(a) What minimum force must be exerted upward on the box to get the box moving up the

wall?

(b) If this force is continually applied, then, once the box begins moving up the wall, what will

be the box’s acceleration?
// » _1'0 %24 *&\Q I'JOX ‘Mou-‘,\n) M,O 'L wa
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- ox 4§ Ba vroe
W Letween slidirg up e
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The problem mentions the concepts of mass, friction force, a horizontal force, and an upward
force, all of which fit into a Newton’s Second Law framework. So we plan to use the Newton’s Second
problem-solving framework to solve the problem.

We identify what part (a) is asking us for by writing down a “?” and a symbol for the what the
problem is asking, as shown above:
(a) ? = minimum F,, to get the box moving up the wall

Although the problem refers to the “minimum” upward force, what the problem is “really”
asking for is the “borderline” upward force—the value of F,, for which the box is just on the
borderline between starting to slide up the wall and not starting to slide. So we can rewrite the question
as shown above:

(a) ? = borderline F,, at which the box is on the borderline between sliding and not sliding

Therefore, in order to solve the problem, we will assume that F,, is at the borderline value, at

which the box is on the borderline between sliding up the wall and not sliding. We have written down
this assumption, as shown above.
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When F,, is equal to the “borderline” value, you can assume either that the box will slide, or that the
box will not slide, whichever is convenient for solving that part of the problem.

As shown in the diagram above, when F, is less than the borderline value, the box will not begin to
slide.

And when F,, is greater than the borderline value, the box will begin to slide.

What happens if F,, is equal to the borderline value, as in part (a)? Surprisingly, at the “borderline”
F,,, we can assume either that the box will slide up the wall, or that the box will not slide, whichever is
convenient for that part of the problem.

It turns out that, for a “minimum or maximum problem involving whether an object will slide”, it is
convenient to assume that the object will not slide. Therefore, for part (a), we will assume that the box
will not slide at the borderline F,,—even though the wording of part (a) refers to the box starting to
move! This may seem strange, but it is a valid problem-solving technique.

Since we will assume for part (a) that the box does not slide, our plan for part (a) is to use static
friction, rather than kinetic friction.

Since the box will be on the borderline of sliding, for part (a) we should apply the maximum static
friction. The reason that the box is on the verge of sliding is because static friction is “maxed out”.

Write down all the assumptions we are making for part (a), as shown below:
2= Mintmam Fu
(‘Q " to gel th< hoxp prOViAY UP 1hR Wall

9
% zborderline Fu
V_O :c!ﬂet]ﬂu'l' {L-\Qpbox P EA 1hr hyroe f1iN€
iq_-i-ween slié}nuJ u g Lhe wall 6nd Aot
i34}
130N c el

HSSUMQ, F'uf, is at thr borderlise value.

Assume -U-qt/ ot the borderline F"h
'é‘lt. box dots /ﬁ S'}Je_

RN VAR TN

Since we are assuming in part (a) that the box does not slide, the velocity in part (a) will be zero.
(Magnitude of velocity = speed. If the object is motionless, then the speed is zero, so the magnitude of
the velocity is zero.) Write down that the velocity for part (a) will be zero in your sketch, as shown
above. Write down that the velocity for part (a) will be zero in your sketch, as shown above.
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The problem mentions the mass of the box. This is a clue that our Free-body Diagram should focus
on the box. Draw a Free-body Diagram showing all the forces being exerted on the box.

General two-step process for identifying the forces for your Free-body Diagram:
(1) Draw a downward vector for the object’s weight.
(2) Draw a force vector for each thing that is touching the object.

In this case, the box is being touched by the surface of the wall, which exerts both a “normal force”
and a “friction force”.
We know that static friction applies for part (a), because for part (a) we are assuming that the box is
not sliding. We apply maximum static friction, because the box is on the verge of sliding.
The problem also refers to a horizontal force of magnitude 180 N, which we will symbolize as
E, .
And part (a) of the problem also refers to an upward force, which we will symbolize as F w -

Here is the rule for determining the direction of the maximum static friction force:
1. Ask, in what direction are we imagining the object to be on the verge of sliding?
2. The direction of the max f . is parallel to the surface, and opposite to the direction determined in
step 1.
In part (a), the box is on the verge of sliding parallel to, and up, the wall. Therefore, the direction of
the max f . will be parallel to, and down, the wall. (Static friction prevents sliding.)

From the sketch that was provided in the problem, Free-body Qieyrem
we can see that the direction of the 180 N horizontal ¢ howng cll Zhe [orces

force F y 1s “right”.
The direction of the upward force F w o 1S, o7 the b oX
obviously, “up”. —F-’:»
u
Here is the rule for determining the direction of the e
weight force: The weight force always points down.

Here is the rule for determining the direction of the —
normal force: The normal force points perpendicular to, —» F
and away from, the surface that is touching the object. N < & =

So, on this problem, the normal force points
perpendicular to, and away from, the surface of the wall. \
Therefore, on this problem, the normal force points
“left”. Y

-

Did you realize that, on this problem, the normal force will be horizontal, and the frictional force
will be vertical? Remember, the normal force points perpendicular to the surface, and the
frictional force points parallel to the surface, so a horizontal normal force and a vertical frictional
force are what you should expect when dealing with a vertical surface, such as a wall.
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It is usually best to choose an axis that points in the object’s direction of motion. For part (a), we are
assuming that the box is motionless; but the box is on the borderline of moving up. Furthermore, in part
(b) the block will indeed be moving up. So we choose a positive y-axis that points up. And let’s choose
a positive x-axis that points right Write down your axes, as shown above.

Remember that for part (a) we have decided that we are applying “maximum static friction”,
because we are assuming that the box is on the verge of sliding.

There is a special formula for the magnitude of maximum static friction: “max f; = ysn”. We apply
this special formula to represent max f; in our Force Table. Be careful to use 0.4, the coefficient of static
friction, rather than 0.3, the coefficient of kinetic friction.

(The “max f; = psn” formula only applies when we assume that static friction is at its maximum. In
an introductory course, most static friction problems will involve maximum static friction, so, for most
static friction problems you can use the special formula “max f; = p;n”. But you may occasionally see a
static friction problem in which you are not assuming the static friction is at its maximum. For such a
problem, you can not use a special formula to represent the magnitude of the static friction.)

The problem gives us a value for the magnitude of the horizontal applied force: 180 N. So we set
Fry=180N.

We are not given a value for the magnitude of the upward applied force, F,,. [After all, F,, is what
part (a) is asking for.] And there is no special formula for the magnitude of an “applied” force such as
F w - S0 we simply represent the unknown magnitude of the upward force by a symbol, £, in the

same manner that we represent the unknown magnitude of the normal force with the symbol #.

It is crucial to include negative signs on w,, n,, and max f;, for this problem. If you include a

“+” sign in front of positive components (such as “Fp, = +180 N and “F,,, = +F,,”), you are more
likely to remember to include the crucial negative signs in front of negative components.
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Next, we can use our Force Table to set up our Newton’s Second Law equations, as shown below.

If an object is motionless in a component, or if an object moves with constant velocity in a
component, then that component of its acceleration is 0.

For part (a), we are assuming that the object is not moving.

So, for part (a), the object will be motionless in both the x- and the y-components.

So, for part (a), we can substitute a, = 0 and a, = 0 into our Newton’s Second Law equations.

f}F}fmox é,{Fy:may

Wo & Ny #max Foxe * FutPupx= 21950 () # 0yt mox sy * FyyThupy =2y
Otx_ﬂ > O +JS’D+O:5(O) -y5 +0 —.9n FO +Fupsd (0
-N 41§80 = - 49 =_Ha %FUP:O

Remember that, at the borderline F, it is valid to assume either that the box will slide, or that the
box will not slide, whichever is convenient for the part of the problem that you’re working on. We have
said that, for “minimum or maximum problems involving whether an object will slide”, the convenient
assumption is that the object will not slide at the borderline. Now you can see why that assumption is
convenient: it allows us to substitute O for a,.

If we had assumed that the box will slide at the borderline, we would not be able to substitute O for
a,. As a result, our equations would have too many unknowns, and we would be unable to solve the
equations for F,.

Moral: For “minimum or maximum problems involving whether an object will slide”, assume

that the object does not slide at the borderline value, and use that assumption to determine a, and a,.
Use “max f; = psn” in your Force Table.
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The Newton’s Second Law y-equation has two unknowns (n and F,,), so we are not ready yet to
solve the Newton’s Second Law y-equation. The Newton’s Second Law x-equation has only one
unknown (n), so we can solve the Newton’s Second Law x-equation for n.
Then, substitute the value of n we determined from the Newton’s Second Law x-equation into

the Newton’s Second Law y-equation. The Newton’s Second Law y-equation will now have only one
unknown (F,,), so we are ready now to solve the Newton’s Second Law y-equation for F,,.

£ F,moax £F, = may,
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121 N must be exected

Is our result for the upward force (121 N) suspiciously large? Not really. We got a relatively large
upward force because the other forces in the problem, especially the horizontal force (180 N), are
relatively large.

A force of 4 N is, very roughly, about 1 pound. So our 121 N force is, very roughly, about 30
pounds. An upward pushing force of about 30 pounds does not seem suspiciously large.
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Check: Do our results for part (a) make sense?
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Does it make sense that our result for n is positive? \C = 121 N
n represents the magnitude of the normal force, and a t’
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 x-component. F,, is trying to begin N=180N FH =180N

the object moving into the wall. To prevent the block from - [ g
beginning to move into the wall, n must cancel F = w =49 N
So, yes, it does make sense that: n =180 N = Fy
Do not say “on this problem, the normal force equals
the horizontal force”. The normal force points in a
different direction than the horizontal force, so the normal force does not equal the horizontal force.
Instead, say “on this problem, the magnitude of the normal force equals the magnitude of the
horizontal force”.

mtn(‘;s=7z N

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

Does the size of our result for F,, make sense? The box begins at rest and, in part (a), we assume
that the box remains at rest. So, to prevent the box from beginning to slide, we see from our Free-body
diagram that F must be exactly canceled by the combination of max f and w .

So we must have F,, = max f; + w. This is indeed the case: max f, + w=72N+49 N =121 N=F,,

(The value of 72 N for max f; was calculated during our work on the Newton’s Second y-equation,
as shown above.)

So, yes, our result for the size of F,, does make sense.

In the Free-body diagram above, to reflect these relationships, I have drawn the arrow for n the
same length as the arrow for Fj ; and I have drawn the length of F,, equal to the sum of the

lengths of max f, and W .
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Part (b):
A 5.0 kg box is being pressed against a vertical wall by a horizontal force of 180 N. The
coefficient of static friction between the box and the wall is 0.40, and the coefficient of kinetic

friction is 0.30.
(a) What minimum force must be exerted upward on the box to get the box moving up the
wall?
(b) If this force is continually applied, then, once the box begins moving up the wall, what will
be the box’s acceleration?
2 (/(7) o= Q 2=directien of Y
7 : )
// US,/\D 'Elﬂe FUp (:—/—om ,Dur{,' (Qv)J
// once £AR b ox beains f“ou'MJ Lp the wall
130N ¥,
/
53
P
g
"4

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).

We identify what part (b) is asking us for by writing down a “?” and a symbol, or words and a
symbol, for the what the problem is asking, as shown above:
?=a
? = direction of @
Remember that the symbol a, written without an arrow, stands for the magnitude of the overall
acceleration vector.

Acceleration is a vector, so I will choose to interpret the question as asking for the magnitude and
direction of the overall acceleration vector. But, since a, is zero, for this problem most professors
would probably settle for you just reporting the value of a.

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 box is just on the
borderline between starting to slide up the wall and not starting to slide. So we write down that for part
(b), we will continue to assume that F, is at this borderline value (121 N), as shown above.
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When F,, is equal to the “borderline” value, you can assume either that the box will slide, or
that the box will not slide, whichever is convenient for solving that part of the problem.

Jo€Ss ~ae t siide.

The box begins the problem at rest. As shown in the diagram above, when F,, is less than the
borderline value (121 N), the box will not begin to slide.

And when F,, is greater than the borderline value, the box will begin to slide up the wall.

What happens if F,, is equal to the borderline value, as in part (b)? Surprisingly, at the “borderline”
F,,, we can assume either that the box will start to slide up the wall, or that the box will not slide,
whichever is convenient for this part of the problem.

Part (b) is asking us to determine the acceleration with which the box starts to slide. Therefore, for
part (b), it is convenient to assume that the box does start to slide. (If we assume that the box does not
slide, then we will obtain an acceleration of zero, which could not cause the box to start sliding.)
Therefore, for part (b), we will assume that the box will start to slide at the borderline F,,—even
though we made the opposite assumption about the borderline F, in part (a)! This may seem strange,
but it is a valid problem-solving technique.

Since we will assume for part (b) that the box does slide, our plan for part (b) is to use kinetic
friction, rather than static friction.

Write down all the assumptions we are making for part (b), as shown the below.
% o= P=directionof @
v (b =a,"
T U.S;ﬂj the Fup §rom ,oaf{: (o,)_
once the bo ox 5!3;/\5 f‘“ov'mj Lp the wo.”
D = ne U | %
B ssume Fhat FUP_|2| N)flmz bords line Valu

Assume that, at the borderline Fup,
tht bex does slide up the wall,

130N

NSNS

Since we are assuming in part (b) that the box does start to slide, the velocity in part (b) after t, will
point up. (Direction of velocity = object’s direction of motion.)
Write down this velocity vector in your sketch, as shown above.
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Draw a Free-body Diagram showing all the forces being exerted on the box in part (b).

General two-step process for identifying the forces for your Free-body Diagram:
(1) Draw a downward vector for the object’s weight.
(2) Draw a force vector for each thing that is touching the object.

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).

In part (b), we assume that the box is sliding. Therefore, for part (b), we apply kinetic friction, not
maximum static friction.

Here is the rule for determining the direction of the kinetic friction force:
Direction of the kinetic friction force on an object =
parallel to the surface, and opposite to the direction that the object is sliding

The wording of the problem refers to sliding up the wall, not down the wall. Therefore, in part (b),
we assume that the block is sliding parallel to, and up, the wall.

Therefore, the direction of f . will be parallel to, and down, the wall.
(Friction opposes sliding.)

The other forces in part (b) are the same as in part (a).
FV{Q"IODJY (*)Jot]/‘c:f"-"\
¢ Uiy o] BRE Parres

an the hox

—
A Fu’a
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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).

Remember that for part (b) we have decided that we are applying kinetic friction, not maximum
static friction. So we use the special formula fi = pin.

For part (b), be careful to apply the coefficient of kinetic friction (0.3), not the coefficient of static
friction (0.4).

In part (b) we continue to assume that F,, is equal to the “borderline” value. In part (a), we
discovered that the borderline F,, = 121 N, so we continue to use that number for part (b). [The
wording for part (b) specifically tells us to apply the same value for F,, for part (b) that we found in part

(a).]

We will not assume that the value for n is the same in part (b) as in part (a). We will let the
Newton’s Second Law equations determine for us whether n for part (b) will be the same as in part (a),
or different than in part (a).

The box has the same mass as in part (a), so the weight is the same in part (b) as in part (a).

And we are using the same axes as in part (a), so the components of the weight force are also the same
as in part (a).
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Next, we can use our Force Table to set up our Newton’s Second Law equations for part (b), as
shown below.

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).

If an object is motionless in a component, or if an object moves with constant velocity in a
component, then that component of its acceleration is 0.

For part (b), we are assuming that the box is sliding parallel to, and up, the wall.

So, for part (b), the box is still motionless in the x-component.

So, for part (b), we can still substitute a, = 0 into our Newton’s Second Law equations.

Unlike in part (a), there is no reason to substitute a, = 0 for part (b). In fact, since we are now
assuming that, from rest, the box is beginning to slide vertically, we know that a, cannot be zero. a, is
what we need to determine in order to answer the question for part (b).

gf}:x:mo* éij:moy

bl ™ Tl * Th +Fux+F“/’,x:mc"< Wy + Ny Fry “‘FuﬁFuf,‘/'imw
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In most problems involving moving objects, we substitute a, = 0, and treat a, as an unknown.
But in this problem, involving motion along a vertical surface (the wall), we substitute a, = 0 and
treat a, as an unknown.
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The Newton’s Second Law y-equation has two unknowns (n and a,), so we are not ready yet to

solve the Newton’s Second Law y-equation.
The Newton’s Second Law x-equation has only one unknown (n), so we can solve the Newton’s

Second Law x-equation for n.
Then, substitute the value of n we determined from the Newton’s Second Law x-equation into the

Newton’s Second Law y-equation. The Newton’s Second Law y-equation will now have only one
unknown (a,), so we are ready now to solve the Newton’s Second Law y-equation for a,.
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We have determined a, and a,, but we are interpreting the question to be asking for the magnitude
and direction of the overall acceleration vector. Since ay is zero, we know that the magnitude and
direction of the overall acceleration vector will be the same as the magnitude and direction of a,.

a, is positive. The positive y-direction is “up”. Therefore, the overall acceleration vector Y
also points “up”.

The magnitude of a, is 3.6 m/s*. Therefore, the magnitude of the overall acceleration vector
is also 3.6 m/s%.

Here is the rule we have used:

If one component of a vector is zero, then the magnitude and direction of the overall vector is the same
as the magnitude and direction of the nonzero component.

(b) If this force is continually applied, then, once the box begins moving up the wall, what will

be the box’s acceleration?

Answer to (s
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Since a, = 0, most professors would likely regard “a, = 3.6 m/s*” as an acceptable answer for part (b).
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Check: Do our results for part (b) make sense?

Does it make sense that our result for n for part (b) is Fu
the same as for part (a)? In this problem, the normal force P
is exerted only in the x-component, not in the y-
component. We can see now that there have been no -
changes to the forces or acceleration in the x-component F
for part (b), compared to the x-component for part (a). So, ’ﬁ’
yes, it makes sense that our result for n is the same for

parts (a) and (b). ? l
R

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
same in part (b) as in part (a).

Although n turned out to be the same in both parts 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 n in each part of a multi-part problem.

T

Check: Does the sign of our result for a, make sense? The
box begins at rest in the y-component. In part (b), we assume
that the box begins sliding up the wall. To begin moving up Vv a
the wall requires that a, points up, which is the positive y- Y
direction, so, yes, it makes sense that our result for a, is I_) T T
positive. Remember that, by itself, the direction of the =
acceleration vector does not indicate the object’s direction of 130N
movement. But, if the object starts from rest, then the =
direction of the acceleration vector does indicate what
direction the object will begin moving.

Check: Does the magnitude of our result for a, make
sense? On typical physics problems, the magnitude of the acceleration is usually between 0.1 m/s? and
10 m/s* Our result for the magnitude of a, is within that range, so, in that sense, yes, our result for the

magnitude for a, seems reasonable.

U R T T

Problem Recap on next page.

www.freelance-teacher.com


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

NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (8)

Recap:

When part (a) asks for the minimum F,, to get the box moving, it is “really” asking for the
“borderline” F,,, at which the box is on the borderline between sliding and not sliding.

Fup

7 he hox | The hox
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: Lhe well
t
!
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R S s 21N

When F,, is equal to the “borderline” value, you can assume either that the box will slide, or
that the box 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):

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, using the special formula: max f; = ps 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.

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 box was at the borderline between sliding and
not sliding, so for part (b) we used the value for the borderline upward force, F,, = 121 N, that we
determined in our solution for part (a).

In part (b) it was convenient to assume that the box would slide at the borderline F,,, so that we
could determine the box’s acceleration as it slides. Therefore, in part (b), we used kinetic friction, not
static friction, and we used the special formula: fi = p n. For part (b), we no longer said that a, = 0.

How can we say both that the block does not begin to slide when F,, =121 N [in part (a)], and that
the block does begin to slide at F,,, =121 N [in part (b)]? We can say both things because F,, = 121 N
is the borderline upward force, for which the box 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 box will slide, or that the block will not slide, whichever is
convenient for that part of the problem.

This problem also gave us further practice with dealing with a vertical surface (the wall), rather
than with a horizontal surface (such as a floor or table) or an inclined plane. Be sure you understand
how we determined the directions and components of the normal force and the frictional force exerted
by this vertical surface, and why a, equals zero in part (b).
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Video (9)

Here is a summary of some of the key steps in the solution for part (a):
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Here is a summary of some of the key steps in the solution for part (b):
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step-by-step solution for Video (9)
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

Here is the fully explained solution.

Part (a):
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.

2 (V\in;/\-um Fa
(OL) {:.o pf?.-\/?.n‘{ ‘énfﬂ, by v>¢ $rom s}:di/j Jowan 'an. [,Jq_ll
= boder“"t Fq,o}a ’
ot L‘)fn-rc,f/\ the box is on Lhe borderline
betweta sl:d'ma Jown the wall and net SIEA;,-.J

As sume Fq,;p 15 at the borderiing yalue.

The problem, including the question for part (a), mentions the concepts of mass (6.0 kg),
friction force, and an applied force, all of which fit into a Newton’s Second Law framework. So we
plan to use the Newton’s Second problem-solving framework to solve the problem.

We identify what part (a) is asking us for by writing down a “?” and a symbol for the what the
problem is asking, as shown above:
(a) ? = minimum F,, to prevent the box from sliding down the wall.

The problem uses the symbol F,,, to indicate what part (a) is asking for. Since the question
writes this symbol without an arrow on top, we should interpret the question as asking for the
magnitude of the applied force. (We already know the direction of the applied force, which was given
in the sketch.)

Although the problem refers to the “minimum” applied force, what the problem is “really”
asking for is the “borderline” applied force—the value of F,,, for which the box is just on the
borderline between starting to slide down the wall and not starting to slide. So we can rewrite the
question as shown above:

(a) ? = borderline F,,
at which the box is on the borderline between sliding down the wall and not sliding

Therefore, in order to solve the problem, we will assume that F,, is at the borderline value, at

which the box is on the borderline between sliding down the wall and not sliding. We have written
down this assumption, as shown above.
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As shown in the diagram above, when F,, is less than the borderline value, the box will begin
to slide down the wall.

And when F,, is greater than the borderline value, the box will not begin to slide.

What happens if F,, is equal to the borderline value, as in part (a)? At the “borderline” F,,, we
can assume either that the box will slide down the wall, or that the box will not slide, whichever is
convenient for that part of the problem.

It turns out that, for a “minimum or maximum problem involving whether an object will slide”,
it is convenient to assume that the object will not slide. Therefore, for part (a), we will assume that the
box will not slide at the borderline F,,.

Since we will assume for part (a) that the box does not slide, our plan for part (a) is to use static
friction, rather than kinetic friction.

Since the box will be on the borderline of sliding, for part (a) we should apply the maximum
static friction. The reason that the box is on the verge of sliding is because static friction is “maxed
out”.

Write down all the assumptions we are making for part (a), as shown below:

? : fV\}/\.JMuM FQ
(Q to pf%\/ﬁn‘f ‘{f& box ¥rom sJ.'olirj Jown the ug_l,

= boﬂi?r“ﬂﬁ. Fapf .
ot L\)L‘]CL‘ Lhe box is on the borde-line
'O,twge,n glid‘m‘j Jown the u.)a” and Not Sh’d'mj

Assume ):“/’P is at the borderling yalue.
Assume that ot the borderline Fopp,
£ he, box will not slide,
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

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.

? < [V\i/’lJMuM FO.
(Q) to preveant "gﬁe_, bax From sliding down the wall

= bofderf}n(, Fqu .
ot l‘\)'ﬂ.lc,,n Lhe box is on the borderline

V= O between shiding Jown the wall and net sliding

Assume FQ\F}J is at ¢he borderiiag yalue.
A ssume that of the horderline F“Pﬁ
£ he box will not slide.

Since we are assuming in part (a) that the box does not slide, the velocity in part (a) will be
zero. (Magnitude of velocity = speed. If the object is motionless, then the speed is zero, so the
magnitude of the velocity is zero.)

Write down that the velocity for part (a) will be zero in your sketch, as shown above.

In part (a) the box is on the borderline of sliding down the wall, and in part (b) the box does
slide down the wall, so it would probably be best for a beginner to choose “down” as the positive y-
direction for this problem.

Nevertheless, in the video, I actually chose “up” as the positive y-direction, partly because
there’s a good chance that your professor would choose “up” as the positive direction for this problem,
and partly because choosing “up” as positive does not particularly complicate the solution for this
particular problem.

In this solutions document I will be consistent with my decision from the video, and will choose
“up” as the positive y-direction. But I would still advise that, as a beginner, you will usually be better
off if you make a habit of choosing the object’s direction of motion as your positive direction.

Whatever axes you choose, make sure that you write down your axes:

¥

L..
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

Draw a Free-body Diagram showing all the forces being exerted on the box.
General two-step process for identifying the forces for your Free-body Diagram:
(1) Draw a downward vector for the object’s weight.
(2) Draw a force vector for each thing that is touching the object.

In this case, the box is being touched by the surface of the wall, which exerts both a “normal
force” and a “friction force”.
We know that static friction applies for part (a), because for part (a) we are assuming that the
box is not sliding. We apply maximum static friction, because the box is on the verge of sliding.
The problem also refers to an applied force, F wp -
Here is the rule for determining the direction of the maximum static friction force:
1. Ask, in what direction are we imagining the object to be on the verge of sliding?
2. The direction of the max f . is parallel to the surface, and opposite to the direction determined in
step 1.
In part (a), the box is on the verge of sliding down the wall. Therefore, the direction of the max
f . will be parallel to, and up, the wall. (Friction opposes sliding.)

Remember that the frictional force must be parallel to the surface. For a vertical surface, such
as the wall in this problem, this means that the frictional force must point either up or down. Notice
that, on this problem, the frictional force points up, whereas in the problem in the previous video,
the frictional force pointed down. This is because, in this problem, the object is on the verge of
sliding down the wall, whereas, in the problem in the previous video, the object was on the verge of
sliding up the wall.

The direction of applied force F,, was given in the chowing ell 2kt [orce
sketch provided with the problem. on the ho X

Here is the rule for determining the direction of the weight
force: The weight force always points down. A

Here is the rule for determining the direction of the normal
force: 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. Therefore, on this =
problem, the normal force points “left”. E‘PP

I\

351

&l
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NEWTON’S SECOND LAW PROBLEMS

step-by-step solution for Video (9)
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Remember that for part (a) we have decided that we are applying “maximum static friction”,
because we are assuming that the box is on the verge of sliding.

There is a special formula for the magnitude of maximum static friction: “max f; = psn”. We

apply this special formula to represent max f; in our Force Table. For part (a), be careful to use 0.4, the
coefficient of static friction, rather than 0.25, the coefficient of kinetic friction.

We are not given a value for the magnitude of the applied force, F,,. [After all, F,,, is what part
(a) is asking for.] And there is no special formula for the magnitude of an “applied” force such as
F
app

. So, in our Force Table, we simply represent the unknown magnitude of the upward force by a

symbol, F,, (this is the symbol that is used to represent the magnitude of the applied force in the
problem).

We use the special formula w=mg to determine the magnitude of the overall weight force.

It is crucial to include a negative sign on w, and n, for this problem.

If you include a “+” sign in front of positive components (such as “max f;, = +.4n”), you are more
likely to remember to include the crucial negative signs in front of negative components.

Of course, if you decided to choose “down” as your positive y-direction, then you would get a
different pattern of “+” and “-” signs in your Force Table.

For purposes of filling out your Force Table, do not try to determine how the forces will interact
with each other. (Aside from including “n” in your formula for max f..) Let your Newton’s Second Law
equations figure out the interactions for you.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

The applied force is neither parallel nor anti-parallel to either axis. Therefore, in order to break
the applied force into components we must draw a right triangle and use the SOH CAH TOA equations.
To break the applied force into components, draw a right triangle whose legs are parallel (or
anti-parallel) to the axes. To determine the directions of the components, use this rule: 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.
ady

- i

l'-upp,")i £
opp e i
Foo= P [__ax
appyy -
P .

Sod CAH TOA

PESS LR Cog 337 = 895
& i

S'MISSD: M“ CUSBSD:M
F“PP F:QPP

¥ 'S'm’55°: MF}PP FGPF'CGSBSC’:'FWM) F\Qf’ﬁ
Sifip Fags Faa.

):4-57 gﬁﬁ ,Fupp,x):.fzjr&/a/o

_ 24 REF
F 5 o, o F o pp . o
AP
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 in a separate step, based on the directions of the component arrows in our right triangle.

Fapp, x

Compare how we applied SOH CAH TOA on this problem with the approach for video (11). In
this problem, we used sine to find the y-component, and cosine to find the x-component. In contrast, in
video (11), we used sine to find the x-component, and cosine to find the y-component. Moral: Don’t be
on autopilot. Use the SOH CAH TOA process, as illustrated above, to determine the correct way
to apply sine and cosine for each individual problem.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

Add your results for F,,,. and F,,,, to your Force Table.
y

FOfEE Tabjp‘ L,,(
| - maaalfv eF th e
wisg.gw f\ mox ‘FS"LII\I FQPF R 901.;/&::-:;' vecters

W;x = O ﬂ'}( o 1. maX FS‘X: O F“PP,Y: +'?2Foff C0mMyp oA tats
Wy=-588 N L s O [ max {:sy:+,‘~|n Foppry™"5 7 Fere

Notice that all the nonzero components in the Force Table should have a “+” or “-” sign.

For part (a), we are assuming that the box is not moving.
So, for part (a), the object will be motionless in both tyhe x- and the y-components.
So, for part (a), we can substitute a, = 0 and a, = 0 into our Newton’s Second Law

equations, as shown below.

lef[x:fv‘ox {)FP,:/V\O),

£ = {: +Fa =
£ _{: ..;_}_0 2 MQOx | W &-ﬂy’i‘qu Sy LRy B #
e T il g P g B 4(0)| 55,910+ I +.57 Fepp=6(0)
O = §i ’ FHJ:O CER.% .97 +-357 Fapp =0
N -1'-,82 app J & - 7
L

=

e
Z EJCBUUé 161,

2 Un Rnowns

The Newton’s Second Law x-equation has two unknowns, and the Newton’s Second Law y-
equation also has two unknowns. Taken together, those two equations form a system of two equations
in two unknowns (n and F,,), which we can solve simultaneously by using the “Substitution method”,

as illustrated on the next page.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

Use the “substitution method” to solve a system 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 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 or expression obtained in
step 3 into the equation obtained in step 1 to determine the remaining unknown.

£'Fx = may g; =A%y

4 = FS c. =mda
it Fog ¥ Fapaa = 100 ) iy, ¥yt 192 y T leppy b
[A)X + ﬂx o e ax Ix 82/)/’1 {O‘) S?:? Q“O—}_ Hn + 57 rc.ﬂ/) 6[0)
B i O +.82 Fapp” T &8 B =0
0 - r L ey 793 45T Fory
_ A +.82 Fopp 3.8 +. L; BZFQPM 2% B =0
N ~58.8 + 3D Fopp+.5 7 Fopp=0

~-5g8.8 +.32% mep +. 57 Fapp =0

8 # Y8 Papa =0
$3.¢ +58.%

In Step 1, the easiest variable to solve for is n in the x-equation, since this is the only variable
that isn’t being multiplied by anything.

On this problem, we do not need to obtain the value of n. Therefore, step 4 of the Substitution
Method is unnecessary for this problem, so the solution above illustrates only Step 1, Step 2, and Step 3
of the Substitution Method.

Notice how we continue to organize our math in two adjacent columns. You should imitate this
“adjacent column approach” in your own scratchwork.

Check: Does the sign of our result for F,,, make sense? The symbol F,,, stands for the
magnitude of the applied force. A magnitude can never be negative, so, yes, it makes sense that the sign
of our result for F,, is positive.

Check: Does the size of our result for F,,, make sense? 4 N is roughly 1 pound, so 65.5 N is
roughly 16 pounds. Yes, an applied pushing force of 16 pounds seems like a reasonable size.

(If you live in a country where kilograms are used in everyday life, rather than pounds, it will be
helpful to remember that a 1 kg mass has a weight of roughly 10 N. So 65.5 N is roughly the weight of
a 6 kg mass. Yes, an applied pushing force equal to the weight of 6 kg mass does seem reasonable.)

We could think in more depth about why our result for F,,, is consistent with the other forces in
the problem, but, for simplicity, we do not go into those issues in the video.
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Now we can answer the question for part (a).

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. i
P I minimum g
(Q) to pravwé 'gfe_, howe ¥rom s]:di/l, Jown the ua!/
= phorderline qu/:
D.'{.' I_,\)',""CL\ {AQ- bbﬂt 15 on 'éAt bof\ltf“ﬂl
V = O bdwggn slh{'mj down the wal| and net S"JMJ
Assume FQPP s O.'t éheb""“‘-f';ﬂt Valut.
A ssume that of the horderline F“Pf:
£ he box will ot slide.
S 0
—
Farr
Answer to (a)°
ﬂ rV\-/“; ,\;uf"\ Valu=z Og FQPP:GS.EN is f!%uif‘EJ To
Pre_uEn‘[' L he bhox Yrom sllv):mﬁ down “4he woal),
Recap for part (a):

If you have a total of two equations in two unknowns, you can often solve the two equations
simultaneously using the Substitution Method.

For “minimum or maximum problems involving whether an object will slide”:

Assume that the object is on the borderline between sliding and not sliding.

Assume that the object does not slide at the “borderline” value, and use that assumption to
determine a, and a,. Use “max f; = psn” in your Force Table.

The box is on the borderline of sliding down the wall, so max fs points up.
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

Part (b):
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. ;
2 - ‘ﬂ;mum
G =™ ap _
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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).

Identify the question for part (b). Since acceleration is a vector, I will choose to interpret the
question as asking for both the magnitude and direction of the acceleration vector.
?=a
? = direction of @
The symbol a, written without an arrow, stands for the magnitude of the overall acceleration vector.

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 65.5 N,
so for part (b):  Fg,, =65.5/2=32.75N

Since 65.5 N is the minimum F,,, required to prevent the box from sliding downward, with
Fo,=32.75 N we know that the box will slide down the wall. Therefore, we plan to apply kinetic
friction for part (b). We draw a downward velocity vector to indicate the box’s direction of motion for
part (b).
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

Draw a Free-body Diagram showing all the forces being exerted on the box in part (b).
General two-step process for identifying the forces for your Free-body Diagram:

(1) Draw a downward vector for the object’s weight.

(2) Draw a force vector for each thing that is touching the object.

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).

In part (b), the box will be sliding. Therefore, for part (b), we apply kinetic friction, not
maximum static friction.

Here is the rule for determining the direction of the kinetic friction force:
Direction of the kinetic friction force on an object =
parallel to the surface, and opposite to the direction that the object is sliding

65.5 N was the minimum required to prevent the block from sliding down the wall. Therefore,
in part (b), we know that, with F,,, = 32.75 N, the block will slide down the incline.

Therefore, the direction of f, will be parallel to, and up, the wall. (Friction opposes sliding.)

The other forces in part (b) are the same as in part (a).

' .
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

In the video, we continued to use the same as axes as in part (a), with “up” as the positive y-
direction, as shown below, even though the object is moving down. I made this choice because there’s a
good chance that your professor would choose “up” as the positive direction for this problem.
Nevertheless, my advice is that, as a beginner, you will usually be better off if you get into the habit of
choosing the object’s direction of motion as your positive direction.

Free-lbody dieyremn
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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).

For part (b), the object is sliding, so we are applying kinetic friction, not maximum static
friction. So we use the special formula f; = pn. For part (b), be careful to apply the coefficient of
kinetic friction (0.25), not the coefficient of static friction (0.4).

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 65.5 N,
so for part (b): Fg,=65.5/2=32.75N

F,y,has the same direction in part (b) as in part (a). Therefore, we can use the expressions we
determined for the components in part (a), Feppx = +.82 Fgpp and Fp,y, = +.57 Fpp, to break the applied
force into components for part (b). The necessary calculations are shown above.

Do not attempt to use the algebra from part (a) to determine the value of n for part (b).
Instead, represent the magnitude of the normal force by the symbol n in the Force Table, as shown
above. We will use the Newton’s Second Law equations for part (b) to determine the value for n for
part (b). It turns out that, for this problem, the value for n in part (b) will be different from the value for

n for part (a); so, if you had tried to use the algebra for part (a) to determine the value of n for part (b),
you would get the problem wrong!
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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).

We have decided that, for part (b), the box is sliding down the wall.

So, for part (b), the object is still motionless in the x-component.

So, for part (b), we can still substitute a, = 0 into our Newton’s Second Law equations, as
shown below.

Unlike in part (a), there is no reason to substitute a, = 0 for part (b). In fact, since we are now
assuming that, from rest, the object is beginning to slide down the wall, we know that a, cannot be
zero. a, is what we need to determine in order to answer the question for part (b).

Z:Fx:f“ﬂx éj}:?/:may

_{_h\ +F = MQOx wyi-ﬂ),} FP\ +FG/,/,}), f‘/‘C]y

LA) +ﬂ * QP/JJX ~
Ox hnx . +’26,85‘—6(O) £39+0 i85t 18,7 ‘_‘5%
N 1I6 8 =0 [-58.3 #25at 18.67 =6 ay
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FO’CQ Tc*bk YT__”

w=588V | n \ B2 [Fopg 32795V quenggiiing il
W, = O Ne="N| §,:0 Fapp ™t 2686N 0
Wy=-S8EN| Ny =0 | g =+25n | F,,,, =tIE6TN

The y-equation for Newton’s Second Law has two unknowns (n and a,), so we are not ready yet
to solve the Newton’s Second Law y-equation.

The x-equation for Newton’s Second Law has only one unknown (n), so we can solve the
Newton’s Second Law x-equation for n.

Z:Fx:f"‘dx {'/:7:/”0)/

=ma
+F. =mox | W, + Nyt T T Terny y
l/t.) ')f_ﬁx " -Fk Qflflx _ 4 + R
Ox gt ¥ B TEBE =6(0) |.g3g+D +25n 19,57 quy
= +I6 gb= O [-58.8 +25a 4 13,67 —?,
P s

26.86 N =N

Check: does the sign of our result for n make sense? n came
out to be positive. n represents the magnitude of the normal force, E‘PM’ —
and a magnitude can’t be negative, so, yes, it makes sense that n Ty
came out positive. T j
Check: Does the size of our result for n make sense? The box o -
begins at rest in the x-component. Fg,,, is trying to begin the object " *26.86N [Fepp|=26-86 N
moving into the wall. To prevent the block from beginning to move
into the wall, n must cancel F,,,. So, yes, it does make sense that
n=26.86 N = |Fgp,
In the version of the Free-body Diagram on the right, I have drawn the
arrow for 1 the same length as the arrow for F,y,, to reflect this
relationship.
elationship V 2
Notice that we did not use the algebra for part (a) to find the value of n for part (b). We used the
Newton’s Second Law equations for part (b) to determine the value of n for part (b).
It turns out that, for this problem, the value for n in part (b) is different from the value for n for
part (a); so, if you had tried to use the algebra for part (a) to determine the value of n for part (b), you
would get the problem wrong!
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Substitute the value of n we determined from the Newton’s Second Law x-equation into the
Newton’s Second Law y-equation. The Newton’s Second Law y-equation now has only one unknown
(ay), so we are ready now to solve the Newton’s Second Law y-equation for a,.

g,i]::max {f:mfy

+ F a
TR P _mo" W, i Fry "oy y
[A)X-l-ﬂx Jv\x Ly Oj 5_8?404_’25;1‘}-]57 W -—6Q>;

o -n + 0O +’26_8£,—
= Iy +76 820 JFI8.Y +255 + 18,67 =6 ay
U wd 19, 8+’25(?é35)+18 fraka,
dn T 53846715 #8673 6%,
QE.QGN A\ ___3'7_)_) SféCLy
_33‘L}[5,:§ﬁ_1_
b 4
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NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (9)

Y M
Ay — 7 5/, (17 32
%

Check: Does the sign of our result for a, make sense? The box begins at rest in the —_,
y-component. In part (b), the box begins sliding down the wall. To begin moving down the ¥ -1
wall requires that a, points down, which is the negative y-direction, so, yes, it makes sense
that our result for a, is negative. 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.

Our result illustrates that that you should not assume that a negative acceleration component
means that the object is slowing down. In this problem, the negative a, indicates that the box is
speeding up, not slowing down. (In order to begin moving from rest, the box’s speed must increase
from zero.)

Use these rules to interpret the acceleration:

If the acceleration vector is parallel to the velocity vector, then the object is moving with
increasing speed.

If the acceleration vector is anti-parallel to the velocity vector, then the object is moving with
decreasing speed.

If the acceleration vector is 0 over an interval of time, then the velocity vector is constant during
that interval.

The negative qa, indicates that the acceleration points downward. This means that the
acceleration vector is parallel to the velocity vector, which indicates that the object will be speeding up.

(Of course, if we had chosen “down” as our positive y-direction for this problem, then we
would have obtained a positive result for a,.)

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

Fase,
On this problem, it is interesting to compare our result for the magnitude of a, Eind

-

to 9.8 m/s%. ‘ N
9.8 m/s’ is the magnitude of the acceleration that we would obtain in T-;’ —
freefall, due to the force of the weight, unimpeded by any other forces. Fapp
But on this problem, the object’s downward acceleration is impeded by
friction ( fk ), as well 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 s

&l
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NEWTON’S SECOND LAW PROBLEMS

step-by-step solution for Video (9)

We have determined the components of the acceleration. But I have chosen to interpret the

question as asking for the magnitude and direction of the overall acceleration vector, which we can
determine from the components, as shown below.

A
‘ ; = 5, c2
% 0. " —13_ L.——— / = Jirection ot o
} c] o W/ N
Here is the rule we have used:

If one component of a vector is zero, then the magnitude and direction of the overall vector is the same
as the magnitude and direction of the nonzero component

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.

ﬁﬂsw@/‘ ?L() (A):

_F F iS ,r‘Qc)quJ '!{O }WOJ'F 1’.“1{ U&’U{ 4:)2—*6/,»1.“1?9

s por{ (a\ the occelvration wi s/l have

- %

mq?nl‘f'b\c)ﬁ 5 (3 "2. C{-’\t) d;/‘?(_f!b/] "

D)bw/l

Since a, = 0, most professors would probably consider “a, = -5.6 m/s*” as an acceptable answer
to part (b).

Problem Recap on next page.
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Recap:

Our Newton’s Second Law equations for part (a) consisted of a system of two equations in two
unknowns, so we used the Substitution Method to solve the equations simultaneously.

Substitution Method:

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 or expression obtained in
step 3 into the equation obtained in step 1 to determine the remaining unknown.

When part (a) asks for the minimum F,,, to prevent the box from sliding down the wall, it is
“really” asking for the “borderline” F,,,, at which the box is on the borderline between sliding down the
wall and not sliding.

The hox slideg The hox

|
|
Jowaward I Joe s not slide
| i B
325N - PP
F T Sor F.,H, :655N
era o 't—
Fo.rt Ua) ? for Fq,-'f (C\)

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 maximum static friction in your solution, 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) of this problem, the object was on the borderline of sliding down the wall, so the

max f, points up.

Part (b) asks for the object’s acceleration, if the F,,, equals half the value determined in part
(a). Notice that it was crucial to read part (b) carefully in order to understand 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 fx = p n. The object is sliding down the wall, so f, points up.
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Video (10)

step-by-step solution for Video (10)

Here is a summary of some of the key steps in the solution for part (a):

VT)()ff (O\)
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Here is a summary of some of the key steps in the solution for part (b):

Free-body dieyrem
¢ hpwing ell dhe [orug

PO/'I(, C/)) on the hlock
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NEWTON’S SECOND LAW PROBLEMS

step-by-step solution for Video (10)
Here is a summary of some of the key steps in the solution for part (c):
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Here is the fully explained solution.
Part (a):
Jessica is going to pull a block of mass m with a massless rope at an angle of 8 above the horizontal.
The coefficient of static friction between the floor and the box is ., and the coefficient of kinetic
friction is . The block is on a horizontal floor.
(a) What is the minimum magnitude of the tension in the rope that Jessica must exert in order to
make the block start moving?
(b) If Jessica drags the block with constant acceleration a, what is the normal force exerted by the
ground on the block?
(c) The block slides in a straight line over distance d, with constant acceleration a. What velocity
does the block attain?

—

(G.) ?: Minimum ||
in order to make the block stort ﬂ'iol.':/!j
= horderline T,

(1‘& bk the blsck i5 on the horder line
""" he Fween Mowing and net meving

——
Assume T is at the borderfine value.

>

s JJ /'v ' & J JJ/ //'/ y 7 /'//
The problem, including the question for part (a), mentions the concepts of mass, friction force,

and tension force, all of which fit into a Newton’s Second Law framework. So we plan to use the
Newton’s Second problem-solving framework to solve the problem.

The problem does not provide a sketch, so you should draw your own sketch, as illustrated
above.

We identify what part (a) is asking us for by writing down a “?” and a symbol for the what the
problem is asking, as shown above:
(a) ? = minimum T in order to make the block start moving

In our notation for the question, we write the symbol T without an arrow on top, to represent the
magnitude of the tension force.

Although the problem refers to the “minimum” tension force, what the problem is “really”
asking for is the “borderline” tension force—the value of T for which the block is just on the
borderline between starting to move and not starting to move. So we can rewrite the question as shown
above:

(a) ? = borderline T,
at which the block is on the borderline between moving and not moving

Therefore, in order to solve the problem, we will assume that T is at the borderline value, at

which the block is on the borderline between sliding across the floor and not sliding. We have written
down this assumption, as shown above.
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The hlogc R

Jdoes ghid

The hlo <R
SO ES ne t slide.

—-i

bhorderline
T=?
When T 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.

As shown in the diagram above, when T is greater than the borderline value, the block will
begin to slide across the floor.

And when T is less than the borderline value, the block will not begin to slide.

What happens if T is equal to the borderline value, as in part (a)? At the “borderline” T, we can
assume either that the block will slide across the floor, or that the block will not slide, whichever is
convenient for that part of the problem.

It turns out that, for a “minimum or maximum problem involving whether an object will slide”,
it is convenient to assume that the object will not slide. Therefore, for part (a), we will assume that the
block will not slide at the borderline T.

Since we will assume for part (a) that the block does not slide, our plan for part (a) is to use
static friction, rather than kinetic friction.

Since the block will be on the borderline of sliding, for part (a) we should apply the maximum
static friction. The reason that the block is on the verge of sliding is because static friction is “maxed
out”.

Write down all the assumptions we are making for part (a), as shown below:

——

(Q) P pinimum |
in order 'f:o Makc the block si’o\rf mc.u.'nj
= I-)Ofaef“ﬂez‘r;

O.'E \.JL}C'\ {:LE block ;S on the horder line
b tween mouinj and net mw}nj

Assume™T is at ¢he berde-line value.

Assume fjna‘f,} at theborderline TJ
{_—_ke. b]oc.h does _/_\‘islidt,
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Jessica is going to pull a block of mass m with a massless rope at an angle of 8 above the horizontal.
The coefficient of static friction between the floor and the box is |, and the coefficient of kinetic
friction is . The block is on a horizontal floor.
(a) What is the minimum magnitude of the tension in the rope that Jessica must exert in order to
make the block start moving?
(b) If Jessica drags the block with constant acceleration a, what is the normal force exerted by the
ground on the block?
(c) The block slides in a straight line over distance d, with constant acceleration a. What velocity
does the block attain?

—

(G) ?: minimum |,
N = O in order £0 make the block sfw't mou;nj
= }DOI‘AEr“nC—r,

ot which the block i§ on the horder line
...... be Fueea moving and net meving

—_—
AssumeT is at Zhe bordefine value.

Assume that, at theborderline T,
£he block does _Qis lide.,

7 AT T T T T

Since we are assuming in part (a) that the block does not slide, the velocity in part (a) will be
zZero.
Write down that the velocity for part (a) will be zero in your sketch, as shown above.

Based on the way we have chosen to draw our sketch, in part (a), the block is on the borderline
of sliding to the right. Furthermore, based on the way we have chosen to draw our sketch, in part (b)
and part (c) the block will be sliding to the right. Therefore, for this problem it is best to choose a
positive x-axis that points to the right. Write down your axes, as shown:

4

L..
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Jessica is going to pull a block of mass m with a massless rope at an angle of 8 above the horizontal.
The coefficient of static friction between the floor and the box is W, and the coefficient of kinetic
friction is p.. The block is on a horizontal floor.
(a) What is the minimum magnitude of the tension in the rope that Jessica must exert in order to
make the block start moving?

(b) If Jessica drags the block with constant acceleration a, what is the normal force exerted by the

ground on the block?
(c) The block slides in a straight line over distance d, with constant acceleration a. What velocity
does the block attain?
(G) ? = pinimum 1,
W J O in order 40 make the block stort mouving
= horderlise T,
: 2 U-'E Which the block i5 on the horder line
------ L’)\,‘l’h’tt/' mau}nj anad not mwinj

Bssume T isat he borde-ine value.
HSSUMQ. fkai, Cl.i the bor&trhnr_TJ
L P E LTI PEEILEC AL £he block does not slide.

Givens: mla)/us,}»lk)(ﬂ
This problem is a “symbolic” problem, rather than a “numeric” problem, because the problem

gives us symbols to work with rather than giving us numbers. Therefore, our solution to this problem

will give us a chance to illustrate the techniques appropriate for solving symbolic problems. (Symbolic
problems are common on physics exams.)

For a symbolic problem, such as this one, we should make a list of the given symbols, as
shown above.

Rules for which symbols to treat as givens:

A symbol that is explicitly mentioned in the problem is treated as a given.

A symbol that is not explicitly mentioned in the problem is not treated as a given.

Exception: A symbol that represents what the question is asking you to determine is not treated
as a given, even when the symbol is explicitly mentioned in the problem.

Another exception: Physical constants, such as g, are treated as givens even when they are not
explicitly mentioned in the problem.

For this problem, m, 0, |, and pi are treated as “givens” because they are mentioned in the
problem.

g is treated as a given because it is a physical constant (9.8 m/s®).
Write down your list of given symbols, as shown above.
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Draw a Free-body Diagram showing all the forces being exerted on the block.
General two-step process for identifying the forces for your Free-body Diagram:
(1) Draw a downward vector for the object’s weight.
(2) Draw a force vector for each thing that is touching the object.

In this case, the block is being touched by the surface of the floor, which exerts both a “normal
force” and a “friction force”.

We know that static friction applies for part (a), because for part (a) we are assuming that the
block is not sliding. We apply maximum static friction, because the block is on the verge of sliding.

The block is also being touched by the rope, which exerts a “tension force”.

(The problem also mentions Jessica, but there is no indication that Jessica is directly touching
the block; therefore, we do not include an “applied force” from Jessica in the Free-body diagram.)

Here is the rule for determining the direction of the maximum static friction force:
1. Ask, in what direction are we imagining the object to be on the verge of sliding?
2. The direction of the max f . is parallel to the surface, and opposite to the direction determined in
step 1.
Based on the way we have chosen to draw our sketch, Jessica’s pulling force will put the block
on the verge of sliding to the right. Therefore, the direction of the max f . will be to the left.

Here is the rule for determining the direction of the tension force: The tension force points
parallel to the rope, and away from the object; i.e., the tension force can only pull, not push.
So, on this problem, the tension force points parallel to the rope, pointing away from the block.

Here is the rule for determining the direction of
the normal force: The normal force points
perpendicular to, and away from, the surface that is
touching the object. o the hlock

So, on this problem, the normal force points P
perpendicular to, and away from, the surface of the
floor. Therefore, on this problem, the normal force
points “up”.

Fros slosdy = oyeees

¢ howing ell 2he [orceg

A

Here is the rule for determining the direction of
the weight force: The weight force always points
down.

v
—
w/
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Begin the Force Table for the block.

Force Tahle XT_” GIUangzmﬁ)/\JS,}Jmﬂ

womy \n lmbepn [T e

\ operall vecter!
TR Ve Nx O |max Fax® - " Txi Sl
w\/:-—m‘ﬁ f\},:'l"r\ XMD’( _Fsyzo T}/_

Remember that for part (a) we have decided that we are applying “maximum static friction”,
because we are assuming that the block is on the verge of sliding.

There is a special formula for the magnitude of maximum static friction: “max f; = psn”. For part
(a), be careful to use i, the coefficient of static friction, rather than i, the coefficient of kinetic
friction.

We are not given a value for the magnitude of the tension force, 7. [After all, T is what part (a)
is asking for.] And there is no special formula for the magnitude of a tension force. So, in our Force
Table, we simply represent the unknown magnitude of the upward force by a symbol, 7.

Similarly, there is no special formula for the magnitude of the tension force, so in our Force
Table we represent the unknown magnitude of the normal force by the symbol 7.

We use the special formula w=mg to determine the magnitude of the overall weight force.
It is crucial to include a negative sign on w, and f;, for this problem.

If you include a “+” sign in front of positive components (such as “n, = +n”), you are more
likely to remember to include the crucial negative signs in front of negative components.

www.freelance-teacher.com


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

NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (10)

The tension force is neither parallel nor anti-parallel to either axis. Therefore, in order to break
the tension force into components we must draw a right triangle and use the SOH CAH TOA equations.

To break the tension force into components, draw a right triangle whose legs are parallel (or
anti-parallel) to the axes. To determine the directions of the components, use this rule: 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.

hyP

T T\/: 4= L
cbf/’ x

K

—
e SoH CA4 TOA
G dy
. Bz o QOS@:QJ_J'
Sl/‘ Iﬁfj .lﬂyfo
sinp = Tyl Cos 8= | Ty

—

N T

Te suap s LTl = T Eng 8= 4 T
b5 T
{Ty]:‘]“g;,\e )TXITTCOSG
T\y_:_)_TS,mQ_ 7;': +Tcog &

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 in a separate step, based on the directions of the component arrows in our right triangle.

Compare how we applied SOH CAH TOA on this problem with the approach for video (11). In
this problem, we used sine to find the y-component, and cosine to find the x-component. In contrast, in
video (11), we used sine to find the x-component, and cosine to find the y-component. Moral: Don’t be
on autopilot. Use the SOH CAH TOA process, as illustrated above, to determine the correct way
to apply sine and cosine for each individual problem.
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Add your results for T, and T, to your Force Table, as shown below.

Forcz Tahle XLX Coiue,nﬁfmfg;/us;}lmﬂ

w=mg |n mox ’Csf/'l‘n T iy i, R

Ovt"c'“ vecters
MRS, PO - e B - [T sl
L"J\,‘:'ﬂmcj D‘f:-i—r\ MO‘\"FSY:O T}’_

Notice that all the nonzero components in the Force Table should have a “+” or “-” sign.

For part (a), we are assuming that the block is not moving.
So, for part (a), the block will be motionless in both the x- and the y-components.

So, for part (a), we can substitute a, = 0 and a, = 0 into our Newton’s Second Law
equations, as shown below.
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Notice that we have included our list of givens, which we wrote down earlier in our solution, in
our Force Table, as shown above.

We treat any symbol on our list of givens as a “known”. Therefore, we treat m, 8, i, and g as
knowns.

We treat any symbol that is not on our list of givens as an unknown. Therefore, we treat n and T
as unknowns.

Therefore, we now have a system of two equations in two unknowns (n and T), which we can
solve simultaneously by using the “Substitution method”, as illustrated on the next page.

Notice the value of making a list of the “givens” for a symbolic problem. Without our list of the
givens, it would be difficult to tell the difference between symbols which we should treat as knowns
and symbols which we should treat as unknowns.
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Use the “substitution method” to solve a system of two equations in two unknowns
simultaneously.

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 or expression obtained in
step 3 into the equation obtained in step 1 to determine the remaining unknown.
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In Step 1, the easiest unknown to solve for is n in the y-equation, since this is the only unknown
that isn’t being multiplied by anything.

In Step 2, it is crucial to put parentheses around our expression for n when we substitute it into
the other equation.

In Step 3, we begin by applying the distributive rule, in order to get rid of the parentheses
around our expression for n. Be careful to get all the plus and minus signs correct when you are
applying the distributive rule, as illustrated above.

On this problem, we do not need to obtain the value of n. Therefore, step 4 of the Substitution
Method is unnecessary for this problem, so the solution above illustrates only Step 1, Step 2, and Step 3
of the Substitution Method.

Notice how we continue to organize our math in two adjacent columns. You should imitate this
“adjacent column approach” in your own scratchwork.

www.freelance-teacher.com


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

NEWTON’S SECOND LAW PROBLEMS step-by-step solution for Video (10)

T= MMy —

’Jss'me-}-CDSG

Check: Does the sign of our result for T make sense?

The variables L, m, and g all stand for positive values.

0 is a positive acute angle. You should know that the sine or cosine of a positive acute angle is a
positive number, so sin 8 and cos 6 stand for positive values.

Therefore, we know that the expression we have derived for T is positive.

The symbol T, written without an arrow on top, stands for the magnitude of the tension force. A
magnitude can never be negative, so, yes, it makes sense that our result for T came out to be positive.

Because m is on the top of our expression for T, our result implies that increasing m, while
holding the other givens constant, would increase T.

Because g is on the top of our expression for T, our result implies that increasing g, while
holding the other givens constant, would increase T. (You could increase g by moving to a planet with
stronger gravity, which would therefore also have a larger magnitude of acceleration due to gravity.)

It would be interesting to ask why an increase in m should increase T, and why an increase in g
should increase T. Those questions are somewhat subtle to answer, however, so, for the sake of
simplicity, we do not try to answer those questions in the video. You may find it interesting to attempt
to come up with your own answers.
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Now we can answer the question for part (a).
Jessica is going to pull a block of mass m with a massless rope at an angle of 8 above the horizontal.
The coefficient of static friction between the floor and the box is W, and the coefficient of kinetic
friction is w. The block is on a horizontal floor.
(a) What is the minimum magnitude of the tension in the rope that Jessica must exert in order to
make the block start moving?
(b) If Jessica drags the block with constant acceleration a, what is the normal force exerted by the

ground on the block?
(c) The block slides in a straight line over distance d, with constant acceleration a. What velocity

does the block attain?
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Our final answer should include only the symbols that we are treating as givens.

Check: Does our final answer include only symbols that we are treating as givens? Yes, the
symbols m, g, s, and 8 are all on our list of givens. (For example, the symbol n is not on our list of
givens, so we should make sure that the symbol n is not in our final answer.)

Recap for part (a):

For a symbolic problem, make a list of the symbols that you are treating as givens. Treat the
givens as “knowns”. Treat symbols that are not givens as unknowns. And remember that your final
answer should include only symbols from your list of givens.

If you have a total of two equations in two unknowns, you can often solve the two equations
simultaneously using the Substitution Method. Organize your math in two adjacent columns.

For “minimum or maximum problems involving whether an object will slide™:

Assume that the object is on the borderline between sliding and not sliding.

Assume that the object does not slide at the “borderline” value, and use that assumption to
determine a, and a,. Use “max f; = psn” in your Force Table.

Think in terms of components. Notice how we broke the unknown tension force into
components for our Force Table.
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Part (b):
Jessica is going to pull a block of mass m with a massless rope at an angle of 8 above the
horizontal. The coefficient of static friction between the floor and the box is ., and the
coefficient of kinetic friction is p. The block is on a horizontal floor.
(a) What is the minimum magnitude of the tension in the rope that Jessica must exert in
order to make the block start moving?
(b) If Jessica drags the block with constant acceleration a, what is the normal force exerted
by the ground on the block?
(c) The block slides in a straight line over distance d, with constant acceleration a. What
velocity does the block attain?
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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).

Identify the question for part (b). Since normal force is a vector, I will choose to interpret the
question as asking for both the magnitude and direction of the normal force vector.
?=n
? = direction of 7
The symbol n, written without an arrow on top, stands for the magnitude of the overall normal force.

The wording for part (b) implies that in part (b) the block is moving. Based on how we have
chosen to draw the orientation of the rope in our sketch, the block should be moving to the right. The
velocity vector indicates the object’s direction of motion, so for part (b) we draw the velocity vector
pointing to the right.

Since, in part (b), the block is sliding, we plan to apply kinetic friction, rather than static
friction, for part (b) of the problem.

Part (b) mentions a new symbol, a, so we add the symbol a to our list of symbols which we are
treating as givens.
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Draw a Free-body Diagram showing all the forces being exerted on the box in part (b).
General two-step process for identifying the forces for your Free-body Diagram:

(1) Draw a downward vector for the object’s weight.

(2) Draw a force vector for each thing that is touching the object.

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).

In part (b), the block will be sliding. Therefore, for part (b), we apply kinetic friction, not
maximum static friction.

Here is the rule for determining the direction of the kinetic friction force:
Direction of the kinetic friction force on an object =

parallel to the surface, and opposite to the direction that the object is sliding

Based on the orientation we have chosen to draw for the rope in our sketch, the object will be
dragged to the right. Therefore, kinetic friction force will point to the left.

The other forces in part (b) are the same as in part (a).
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Complete the Force Table for 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).

For part (b), the object is sliding, so we are applying kinetic friction, not maximum static
friction. So we use the special formula f, = pn. For part (b), be careful to apply the coefficient of
kinetic friction (), not the coefficient of static friction ().

In part (b), should we reuse the expression for T that we determined in part (a)?

In part (a), we assumed that the block began at rest, and we determined the minimum T required
to make the block start moving.

The most natural interpretation of parts (b) and (c) is that they are a continuation of part (a), in
the sense that the block has begun at rest, and has started moving because of the tension force exerted
by Jessica’s pull of the rope. However, in parts (b) and (c) there is no reason to assume that Jessica is
exerting the minimum tension required to make the block start moving. Jessica might very well be
exerting more than enough tension to make the block start moving. So there is no reason to assume that
the tension in part (b) is the minimum tension that we determined in part (a). Therefore, no, in part (b)
we should not reuse the expression for T that we determined in part (a).

Instead, we will treat the magnitude of the tension in part (b) as an unknown, and represent its
unknown magnitude with the symbol T. We will use the Newton’s Second Law equations for part (b) to
determine the value for T for part (b).

The tension force in part (b) has the same direction as in part (a), so we can break the tension
force into components in part (b) the same way that we did in part (a).

Should we use our algebra for part (a) to determine the expression for n in part (b)?

No. The value of n in part (b) might very well be different in part (b) than in part (a).

Instead, we will treat the magnitude of the normal force in part (b) as an unknown, and
represent its unknown magnitude with the symbol n. We will use the Newton’s Second Law equations
for part (b) to determine the expression for n for part (b).

It turns out that, for this problem, the expression for n in part (b) will be different from the
expression for n for part (a); so, if you had tried to use the algebra for part (a) to determine the value of
n for part (b), you would get the problem wrong!
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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).

In part (b) the block is sliding to the right. So, for part (b), the object is still motionless in the y-
component. So, for part (b), we can still substitute a, = 0 into our Newton’s Second Law equations, as
shown on the next page.

Since we know that a, = 0, the wording for part (b) tells us to substitute a for a, in our
Newton’s Second Law x-equation, as shown on the next page.

Here is a more careful explanation for how we know to substitute a for a:

The wording for part (b) tells us that, for part (b), the magnitude of the overall acceleration
vector is a.

In part (a), we determined the minimum tension required to make the block start moving. The
most natural interpretation is that parts (b) and (c) are a continuation of part (a), in the sense that, in
parts (b) and (c), Jessica is exerting enough force to make the block start moving.

In order to make the block start moving to the right, the acceleration vector must point to the
right, which is our positive x-direction. Since a, is 0, a, has the same magnitude and direction as the
overall acceleration vector. Therefore, a, = +a. Substitute this value for a, into the Newton’s Second
Law x-equation, as shown on the next page.

(When we write a positive component by itself, we include the plus sign to emphasize that it is
positive. But, as shown on the next page, when we substitute the positive component into an equation,
we leave out the plus sign, to avoid cluttering the equation.)

(a) What is the minimum magnitude of the tension in the rope that Jessica must exert in
order to make the block start moving?

(b) If Jessica drags the block with constant acceleration a, what is the normal force exerted
by the ground on the block?

(c) The block slides in a straight line over distance d, with constant acceleration a. What

velocity does the block attain?
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As discussed on the previous page, we substitute a, = 0 and a, = +a into our Newton’s Second
Law equations.

(When we write a positive component by itself, we include the plus sign to emphasize that it is
positive. But, as shown below, when we substitute the positive component into an equation, we leave
out the plus sign, to avoid cluttering the equation.)
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Notice that we have included our list of givens, which we wrote down earlier in our solution, in
our Force Table, as shown above.

We treat any symbol on our list of givens as a “known”. Therefore, we treat m, 0, i, g, and a as
knowns.

We treat any symbol that is not on our list of givens as an unknown. Therefore, we treat n and T
as unknowns.

Therefore, we now have a system of two equations in two unknowns (n and T), which we can
solve simultaneously by using the “Substitution method”, as illustrated on the next page.

Notice the value of making a list of the “givens” for a symbolic problem. Without our list of the

givens, it would be difficult to tell the difference between symbols which we should treat as knowns
and symbols which we should treat as unknowns.
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Use the “substitution method” to solve a system of two equations in two unknowns
simultaneously.

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 or expression obtained in
step 3 into the equation obtained in step 1 to determine the remaining unknown.
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In Step 1, the easiest unknown to solve for is n in the y-equation, since this is the only unknown
that isn’t being multiplied by anything.

In Step 2, it is crucial to put parentheses around our expression for n when we substitute it into
the other equation.

In Step 3, we begin by applying the distributive rule, in order to get rid of the parentheses
around our expression for n. Be careful to get all the plus and minus signs correct when you are
applying the distributive rule, as illustrated above.

For part (b), we do need to obtain the value of n. Therefore, unlike in part (a), step 4 of the
Substitution Method is necessary for part (b)

Notice how we continue to organize our math in two adjacent columns. You should imitate this
“adjacent column approach” in your own scratchwork.
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We have obtained an acceptable answer to the problem. If you like, you can rearrange the
expression for n to form a more “elegant” answer, as shown below.

(The algebra shown below involves providing both fractions with a “common denominator”, so
that we can add the two fractions to each other.)
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Since the first expression written above is already an acceptable answer to the problem, it would
probably not be a good use of your time during an exam to work through the algebra to obtain the more
“elegant” answer!
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Check: Does the sign of our result for T make sense?

The variables p, m, a, and g all stand for positive values.

B is a positive acute angle. You should know that the sine or cosine of a positive acute angle is a
positive number, so sin 0 and cos 8 stand for positive values.

Therefore, we know that the expression we have derived for T is positive.

The symbol T, written without an arrow on top, stands for the magnitude of the tension force. A
magnitude can never be negative, so, yes, it makes sense that our result for T came out to be positive.

Check: In our result for T, does it make sense that the symbol a is on the top of the fraction,
rather than on the bottom of the fraction?
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Since a is on the top of the fraction, our result mathematically implies that, if we increase a
(while holding all the other givens constant), T will also increase. Does that make sense?

An object’s acceleration is determined by the net force on the object. The block’s acceleration is
being caused by Jessica’s rightward pulling force, which is overcoming the kinetic friction and creating
a rightward acceleration. If Jessica wants to achieve a greater acceleration for the box, then, yes, it
makes sense that Jessica would have to pull harder on the rope (a greater T). So, yes, it makes sense
that a larger a requires a larger T. So, yes, it makes sense that the symbol a is on the top of the fraction.

(If the symbol a were on the bottom of the fraction, that would mathematically imply that a
larger a would require a smaller T, which would not make sense.)

It would also be interesting to ask why m and g appear on the top of the fraction, but for
simplicity we do not discuss this issue in the video.

Notice that, even though T is not what the question was asking for, it is still a good idea to make
some simple checks to make sure that our result for T makes sense!
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The symbol n stands for the magnitude of the normal force, so normally at this point I would
check to make sure that our result for n is positive. On this problem, however, thinking about whether
our result for n is positive raises some subtle issues that I did not want to get into in the video. So, for
simplicity, we will not discuss whether the result is positive.

In our result for n, the symbol a appears on the top of the fraction, with a negative sign in front
of it. This implies that, if we increase a (while holding the other givens constant), n will decrease. It
would be interesting to ask why this pattern makes sense, but, again, this would raise some issues I did
not want to get into in the video. So, for simplicity, we will not discuss why increasing a leads to a
decrease in n. But you might find it interesting to try to figure out the answer on your own!

We are ready now to answer part (b).
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Notice that there are multiple acceptable ways of expressing your answer to part (b), a few of
which are given above.

Check: Do our final results for n involve only the given symbols? Yes. m, a, g, i, and 0 are all
on our list of given symbols. (For example, it would not be acceptable if our final answer included the
symbol T, which is not on our list of givens.)
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Part (c):

Jessica is going to pull a block of mass m with a massless rope at an angle of 8 above the
horizontal. The coefficient of static friction between the floor and the box is y., and the
coefficient of kinetic friction is .. The block is on a horizontal floor.
(a) What is the minimum magnitude of the tension in the rope that Jessica must exert in
order to make the block start moving?
(b) If Jessica drags the block with constant acceleration a, what is the normal force exerted f gy i -
by the ground on the block?
(c) The block slides in a straight line over distance d, with constant acceleration a. What
velocity does the block attain?
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Part (c) deals with the concepts of distance, acceleration, and velocity, all of which fit in to a
kinematics framework. So our plan for part (c) is to apply a kinematics problem-solving framework. It
turns out that we will be able to solve part (c) purely based on kinematics, without using any of the
results from Newton’s Second Law that we determined in part (b).

The block is moving in a straight line, so we will apply one-dimensional kinematics.

The problem involves other forces besides gravity, so we will not apply “projectile motion™.
Instead, we will apply “general one-dimensional kinematics”.

There are two types of kinematics in an introductory course: (1) “constant velocity”, and
(2) “constant acceleration with changing velocity”. Which type of kinematics applies to this problem?
In part (a), we found the minimum tension required to make the block start moving. We can
think of parts (b) and (c) as a continuation of part (a), in the sense that Jessica is applying enough
tension to make the block start moving. If the block starts moving from rest, then it must have
changing velocity. And the wording for part (c) refers to constant acceleration. So for part (c) we will
apply “constant acceleration with changing velocity” kinematics.

We can continue to say, based on how we chose to draw our sketch, that the object is sliding to
the right, as in part (b), so we continue to draw the velocity vector pointing right.
We can continue to use the same axes as in parts (a) and (b).
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We add extra information to our sketch that is useful for a kinematics problem, as shown below.

Jessica is going to pull a block of mass m with a massless rope at an angle of 8 above the
horizontal. The coefficient of static friction between the floor and the box is p,, and the
coefficient of kinetic friction is .. The block is on a horizontal floor.

(a) What is the minimum magnitude of the tension in the rope that Jessica must exert in

order to make the block start moving?
(b) If Jessica drags the block with constant acceleration a, what is the normal force exerted G r i &)
by the ground on the block?
(c) The block slides in a straight line over distance d, with constant acceleration a. What
velocity does the block attain? _
CY;
) )
= Vix
Y
L’ %
t,.F
_q 1 ’-—
? = V| X

We label the key points in time: t,, the point when the block begins moving; and t;, the point
when the block reaches distance d. Set t, = 0. We label the block’s path of motion, from the position at
time t,, to the position at time t;. Label the distance from ¢, to t; as d, as shown above.

We label t, as our “initial” point (“i”) and t; as our “final” point (“f”). The “initial” and “final”
points are defined as the two points that we will be substituting into our kinematics equation.

In part (a), we found the minimum tension required to make the block start moving. The most
natural interpretation of the problem is that parts (b) and (c) are a continuation of part (a), in the sense
that, in parts (b) and (c) Jessica is applying enough tension to make the block start moving. So the
block is beginning its motion from rest. We will be applying kinematics to the x-component, so we say
that vy, = 0. We build this information into our sketch, as shown above.

Here is another reason to assume that the block begins its motion from rest: If we do not assume
the block begins from rest, then there is not enough information to solve the problem. This confirms
that, for this problem, the professor does want us to assume that the block begins from rest.

The question asks us for the velocity attained by the block. The problem does not provide
enough information to determine the direction of the velocity, so we interpret the question to be asking
for the magnitude of the velocity (i.e., the speed) at time t;: “? = v;”. (For concreteness, we are
assuming in our sketch that the block slides to the right, but that information was not provided in the
original problem.)

Since the object is moving only in the x-component, this question is equivalent to asking for
Vit “? = vy”. (We know that v;, will be positive, because we are assuming that the object is moving in
the positive x-direction.) We build this question into our sketch, as shown above.
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g = V,
= V]x

We don’t know yet which of the three kinematics equations we are going to use, so instead of
writing a kinematics equation, we simply list the five kinematics variables for the x-component:
Atl AX; Viny Vi Ux

We noted in our sketch that the question is asking us for v4. Build this question into the
kinematics setup by writing a ? above the v symbol, as shown below.

Our sketch indicates that the block is being displaced a distance of d in the positive
direction, so Ax = +d. Write this information in your kinematics setup, as shown below.

As discussed on the previous page, the most natural interpretation of parts (b) and (c) is that the
block is starting to move. Therefore, our sketch indicates that v;, = 0. Write this information in your
kinematics setup, as shown below.

The wording for part (c) tells us that the magnitude of the acceleration is a. In order to make the
block start moving to the right, the acceleration vector must point to the right, which is our positive x-
direction. Since a, is 0, a, has the same magnitude and direction as the overall acceleration vector.
Therefore, a, = +a. Write this information in your kinematics setup, as shown below.

2
AJ[J AX, Vix, Vs, Ax
At td O, vV, *a
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In order to pick a kinematics equation, we need to know three of the kinematics variables. We
know the value of v;,. Also, we can treat Ax and a, as knowns, because the symbols d and a are on our
list of givens. Therefore, we are ready now to pick a kinematics equation.

We want our kinematics equation to include our three knowns, and we also want it to include vy,
since vy, 1s what the question is asking for. So we pick the kinematics equation that is missing At, since
that is the one kinematics variable that we don’t care about for this problem.

Kinematics Equations for constant a, with changing v,

X equations missing
variables
1
Ax=vixdt+iax(ﬂt)2 Vi
V;x=v,-2x+2axﬂx At
Ve =V, +a,At Ax

@

ves' d,Q At, AX, Vix, Vix, Ax
Givens: d, f’rc’. 0. ., *a

S

hn oLWwnsS

Vg, = Vi * Za Ax
Vx © O+2ad
Z ad
Viv =\ Zad

Based on our sketch, we expect that v;, should point right, the positive x-direction. (Direction of
velocity vector = direction of object’s motion.) Therefore, we take the positive square root of 2ad,
rather than the negative square root.

Notice that, as it turns out, we did not need to use any of our results from Newton’s Second Law
from part (b) to solve the kinematics problem in part (c).
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Viy =N 2Zad

Check: Does the sign of our result for v;, make sense? Based on our sketch, we expected that
v, should point right, the positive x-direction. (Direction of velocity vector = direction of object’s
motion.) Therefore, we took the positive square root of 2ad, rather than the negative square root, to
ensure that our result would indeed be positive. So, yes, the sign of our result for v;, makes sense.

Check: Does our result for the magnitude of v;, make sense?

The magnitude of v;, represents the object’s final speed.

Our result for v;, implies that, if we increase a (while holding the other givens constant), |v;,|
will increase. Does this pattern make sense?

In this problem, a represents the rate at which the block’s speed is increasing. If we increase a,
that means that the block’s speed will increase more quickly, which means we can expect to attain a
greater final speed. So, yes, it makes sense that increasing a will lead to an increase in |vy].

Our result for v;, implies that, if we increase d (while holding the other givens constant), |v;,|
will increase. Does this pattern make sense?

If the block moves for a greater distance, while maintaining the same acceleration, it makes
sense that it should attain a greater final speed. So, yes, it makes sense that increasing d will lead to an
increase in |vyy.
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Now we can answer the question for part (c).

Jessica is going to pull a block of mass m with a massless rope at an angle of 8 above the
horizontal. The coefficient of static friction between the floor and the box is ., and the
coefficient of kinetic friction is . The block is on a horizontal floor.
(a) What is the minimum magnitude of the tension in the rope that Jessica must exert in
order to make the block start moving?
(b) If Jessica drags the block with constant acceleration a, what is the normal force exerted f G i i @i
by the ground on the block?
(c) The block slides in a straight line over distance d, with constant acceleration a. What
velocity does the block attain?
c=

= Vi

GiUQﬂS: do_,q

Check: Does our answer involve only the given symbols? Yes. a and d are on our list of given
symbols. (For example, it would not be acceptable if our final answer included the symbol At, which is
not on our list of givens.)

Problem Recap on next page.
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Recap:

For a multipart problem, when working on part (b), think carefully about which parts of
your solution to part (a) still apply to part (b), and which parts of your solution to part (a) no
longer apply to part (b).

For this problem, we should not reuse the T from part (a) in our solution for part (b). And
we should not try to use the algebra for part (a) to find the n for part (b). Instead, in part (b) we
represent the unknown magnitudes of the normal force and tension force with the symbols T and
n, and we use the Newton’s Second Law equations for part (b) to find the values of T and n for
part (b).

For a symbolic problem, make a list of the symbols that you are treating as givens. Treat the
givens as “knowns”. Treat symbols that are not givens as unknowns. And remember that your final
answer should include only symbols from your list of givens.

If you have a total of two equations in two unknowns, you can often solve the two equations
simultaneously using the Substitution Method, as we did in part (a) and part (b). To keep your math
organized, arrange the math in two adjacent columns, as we demonstrated in our solutions for part (a)
and part (b).

For “minimum or maximum problems 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 the object does not slide at the “borderline” value, and use that assumption to
determine a, and a,. Use “max f; = psn” in your Force Table.

For problems where you know that the object is sliding, such as part (b):
Apply kinetic friction. Use “fy = pwn” in your Force Table.

For problems involving general one-dimensional kinematics with constant acceleration, such as
part (c), build as much kinematics information as you can into your sketch. Then, write down the five
kinematics variables, and use that setup to organize your kinematics information.

Think in terms of components.

Notice how we broke the unknown tension force into components for our Force Table for part
(a) and part (b).

When parts (b) and (c) told us that the acceleration was a, we translated that information into
a, = +a, and a, = 0, in our Newton’s Second Law and kinematics equations.

For part (c), we applied general one-dimensional kinematics to the x-component.
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