PHYS 111
HOMEWORK #7

Due : 27 October 2016

All problems are taken from the text.
1. 18, p. 147

Solution : As discussed in class, this problem can be broken down into two parts. "During the
jump" refers to the portion of the motion when the person' s feet are still in contact with the ground.
During this phase, the ground must exert a normal force on the person that is larger than the weight

of the person. The second part of the problem occurs when the person is in the air.

We are told that a person can jump to a maximum height of 60 cm (0.6 m) off the ground. This
information allows us to determine the person' s speed at the moment of lift - off from the ground.
We know that the person has an instantaneous velocity of 0 at the apex of motion, so we can use the
equation :

Vi = v2 + 2as
to determine the speed at lift-off. If we choose up as the positive direction, our acceleration is

simply - g, and we can write:
0 = Vg - 2gYmax = Vg = 2gYmax = Vo =V 2gYmax

For the values in this problem, we obtain the value of the launch velocity:

Vo = y2:98m/s?-0.6m = 343m/s

We are then asked to find the force the ground must exert on the person to produce this launch
speed. We will compute the acceleration of the person while in contact with the ground by applying
the same equation to the time when the person is in contact with the ground. In this case, the initial
velocity is zero and the final velocity for this phase is the launch velocity we just calculated. We
are told that the person’s body moves through a distance of 0.5m while still in contact with the
ground. This allows us to write:

Vi -V} B (3.43m/s)*-0

2s 2(0.5m)

vi = v} +2as > a=

= 11.8m/s2

Finally, we apply Newton' s second law to the person during the jump (while still in contact with the
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ground). The normal force from the ground acts up on the person, weight acts down, and these two

forces combine to produce an acceleration :
SFy =N -mg=ma=N=m(g+a) = m(9.8m/s’+ 11.8m/s?) = 21.6m.

(where m is the mass of the person). Since the person' s weight is m g or 9.8 m, we can see that the
normal force is 21.6/9.8 times greater than the weight, or 2.2 W.

Now let' s do this problem entirely without numbers. Let’s call H the height of the jump, and s the
distance the body moves while the feet are still in contact with the ground; let’s also call V' the

launch velocity, that is, the velocity of the person just as their feet lose contact with the ground.

Following the approach of the problem, we know that the launch velocity is related to the height of
the jump by:
Vi =2gH
Focusing now on the portion of the problem when the person is still on the ground, we know that
the body starts at rest, accelerates from zero velocity to /', while moving through a distance s. This
allows us to write the acceleration of the body during that phase via:
Vi 2gH ( H )

Let' s look at this result for a second. The acceleration of the body depends on the ratio of H/s (the
ratio of height achieved to distance through which the body moves). For instance, you would
generate a very large acceleration if you could just flex your ankles (a small value of s) and jump
very high (a large value of H).

Above we determined the normal force acting on the body. Using this expression for a (and the
results from above) we can write :

=i <l of2) - 1+

And to express the normal force as a fraction of your weight, we have simply:

1+
N o_mg(l+y) _H
mg mg s

And you can see that we obtain a very simple result and also that we never need to calculate the
launch velocity to compute the normal force.

2. 22,p. 147

Solution : Refer to the diagram on p. 147 of your text. If the car is accelerating, the string will
hang at same angle from the vertical, described as § in the diagram. The tension in the string will
have both a horizontal and vertical component. The mass is not accelerating in the y direction, so
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we know the vertical component of tension must equal the weight, or :
2Fy = Tcosp—mg = O0orTcosf = mg

The mass is accelerating in the x direction, and the horizontal component of tension is the force

causing the string to accelerate:
YFx = Tsin8 = ma

To find an expression for the angle 8 produced by an acceleration a, we divide the two equations :

T sin 8 ma a
= > tanf = —
T cos B mg g
or:
a
B = tan_l(—]
g

This allows us to find the magnitude of 8 for any acceleration. When the magnitude of a is 3 m / 52,

Bis:
= 17°

sus)

B = tan™!
9.8 m/s2

Which way does the string hang? Remember that Newton' s second law is a vector equation, so that
the acceleration is in the direction of the net force. If the object is accelerating to the right, the
horizontal force must act to the right. Figure 5.50 shows this situation; the acceleration is to the
right, and so the string must deflect to the left, so that the horizontal component of motion in the
string is to the right. In the second case, the object moves to the left with a negative acceleration.
That means the the velocity vector points to the left, but the acceleration vector points to the right,

and string hangs in the same direction as depicted in Fig. 5.50. The value of 5 here is simply :
4.5m / s?

B = tan™!
9.8 m/s2

) = 24.7°

Finally, we are asked what happens when the object moves at a constant speed. The value of the
constant speed does not matter, it only matters that the speed is constant and the acceleration is zero.
If the acceleration in the x direction is zero, there is no net force in the x direction, and the string

hangs vertically.

3. 28, p. 148

Solution : The key phrase in this problem is that the system moves to the right at a constant speed.
This tells you there is no acceleration and thus the sum of forces in each direction is zero. The value
of the constant is speed does not matter; the fact that there is no acceleration is the key point.

First let's focus on box A. There are both horizontal and vertical forces acting on A. In the horizon-

tal direction, there is the tension in the string (acting to the right), and friction with the ground
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opposing motion. In the vertical direction, there is the normal force and weight. Applying New-

ton’s second law we get:
SFx =T-fx =0=>T = f (1)
Where T is the tension in the string and f is the force of kinetic friction acting on the box. In the
vertical direction, we have:
2Fy = N-mpag=0=>N=mpg
As expected, the normal force equals the weight of box A. We use this expression for the normal
force to rewrite the frictional force :

fk = uxN = pyxma g
Using this expression for frictional force in equation (1) gives us for the tension in the string:
T =1k =puxmag
Now, let' s analyze the forces on box B. In the horizontal direction, there are the pulling force F (to

the right), friction opposing the motion, and the tension in the string acting to the left. In the verti-
cal direction, weight and the normal force balance. We can write :

SFy =F-fk—-T=0=F =T+1
2Fy = N-mgpg =0=> N =mpg
Since the friction force = N = yx mp g, we have:
F=T+fx = uxmag + uxmpg = pux(ma+mp)g
The last result makes use of our expression for T determined in the first part. Notice that the pulling
force F is the same result we would get if we had a single mass equal to the sum of masses of A and

B. This makes sense; the pulling force doesn’t “know” there is a connecting string, only that there

is a total frictional force that must be equalled in order to produce motion at a constant speed.

4. 34,p. 148

Solution : In the first part, we are asked to find the angle of the ramp which will initiate motion.
Just before the box starts to slide, the forces on the box are the component of gravity down the plane
(m g sin 6), the component of gravity perpendicular to the plane ( m g cos 6), , the normal force, and

static friction which acts along the plane. Newton's second law applied to the box is :
YXF), =N -mgcosf) =0 = N =mgcosb
2F) = mgsinf —fs =0

We use static friction because we want to find the force necessary to overcome static friction to get

the box moving. The force of static friction is described by:
fs = usN = ysmgecos b,

Combining these results gives us:
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2F) = mgsinf; — ysmgcos) = 0 = mg(sinf; — puscosfy) = 0
This means that sin 6; = u; cos 6 = tan 6 = y;

In the second case, the box slides at a constant speed down a ramp of angle #,. Since the motion is

at constant speed along a straight line, the acceleration is zero, and our force balance becomes:
mgsinf, — uxcosth = 0 = tanbr = uk

So we can use this technique to measure the coefficients of kinetic and static friction.

5. 40, p. 149. First do this problem with symbols rather than numbers. The box has mass M, the
pushing force has magnitude P acting at an angle 6 below the horizontal. The coefficient of friction
is u. Answer all parts a) through e) using these symbols. Then use the numbers given in the book

and compute the numerical answers for all parts a) through e). (5 pts each part).

Solution : 1 will do parts a)-d) first, and do part e) at the end. The forces acting on the box are
weight, the normal force, the components of P (which act down and to the left) and the force of

static friction. Choosing up and to the left as positive, Newton' s second law gives :
2Fy =N-mg-Psinf =0=N=mg+ Psiné
(we will need this expression for N to determine the friction force), and in the horizontal direction:
2Fy = Pcosf — f, = 0 = f; = Pcosé

Sincefs = us N wecanwritefy = us (mg + Psin6).

To determine the largest force P that could act on the box without causing it to move, we equate the
static friction force to the horizontal component of the pushing force:
Pcosf = us(mg + Psin6)
and after a little algebra, we can write:
HsM g
cosf — ussinf

Pmax =

This is the greatest P that you can exert on the box before motion ensues, so the maximum value of
the static friction force is simply Pmax cos 6. This last expression has the interesting property that
when the denominator is zero, the force necessary to overcome friction becomes infinite (in other
words, if you push down at a critical angle, there is no force that will allow you to move the box

horizontally). This critical angle occurs when cos 6 = u; sin 8 or when tan 6 =1 / ;.
Now, let' s try this with numbers. The normal force on the box is :

N =mg+ Psinf = 125N + 75sin30N = 162.5N
The frictional force for these values of P and 6 is:

fs = Pcos@ = 75Ncos30 = 65N



6 | physi11-2016hw7s.nb

This must be less than the maximum frictional force; this is given by:
fs = usN = 0.8-162.5N = 130N
Another way to interpret maximum force is is to ask what is the greatest force P that can act on the
box (at this angle) without causing motion is:
Usm g B 0.8-125N
cos — ugsinf ~ c0s30 — 0.85sin 30

= 214N

Pmax =

Since the static friction force equals the horizontal component of this pushing force, the maximum
possible value of static friction is 0.8-214N = 172N

If the force is now pulling upward at an angle of 6, our second law equations become:
2Fy = Pcos@ —f;, = 0 = Pcosf = f
2Fy = N - W +Psinf =0 = N=W - Psinf
This last result shows that if the vertical component of P equals the weight, there is no normal force
between the box and the floor; this is equivalent to saying that the box loses contact with the floor,

since the vertical force is now sufficient to lift the box against gravity. Using the values of the

numbers we are given:

N =W —Psinf = 125N - 75sin30 = 87.5N

6. 46, p. 149

Solution : Consider the mass suspended from a spring; if the mass is not accelerating, then the net
force acting on it is zero. The only forces acting on the spring are the elastic force of the spring

acting up, and weight acting down. This means :
mg
k(Ay) —-mg =0 > k = —
Ay
where k is the spring constant and Ay is the amount the spring is stretched. For the values we are

given, Ay = 14.40cm - 12.00 cm = 2.40 cm = 0.024 m, and:
0.875kg - 9.8m />
k = = 357N/m
0.024 m

In order to make the total length 17.72 cm, we need to stretch the spring by an amount 5.72 ¢cm or

0.0572 m, this will require a mass of:
k(Ay)  357N/m -0.0572m

g 9.8m/s2

k(Ay) = mg = m = = 2.08kg

This result makes sense; if we want to increase the extension by a ratio of (5.72/2.40 = 2.38), we

expect to need a mass that is 2.38 greater than the original mass.

7. 48,p. 149
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Solution : Remember that Newton' s second law deals with the forces acting on a single object. If
we focus our attention on the 3 kg mass, the only force acting on it is the elastic force due to the
compression of the spring. As far as the 3 kg mass is concerned, it does not matter if the spring is
attached to another mass, a wall, or anything else. The only force acting on the spring is elastic
force, and the amount of the elastic force is determined by the stiffness and compression of the
spring. Therefore, for both masses, we use 0.05 m for the compression (Ax) of the spring. Newton'
s second law gives us :

k (Ax)
F = k(AX) = ma > a =
m
For each mass we obtain:
S500N/m(0.05m S500N/m(0.05m
A3k = /m( ) :8.33m/s2 ajokg = /m( ) :2.5m/s2
3kg 10 kg

8. 56, p. 150

Solution : In this problem, we get to consider both the second and third laws. Let' s start by con-
sider the sphere on the left. The forces acting on it are the tension in the rope (which has both
horizontal and vertical components), weight, and the normal force due to contact with the other
sphere (which acts horizontally). Let me call these forces 77, Wr, and Ny (in other words, the
subscript L refers to forces acting on the left sphere). Similarly for the right sphere the forces are
Tr, Wg, and Ng. Since the spheres are of equal radius, the lengths of the wires are equal, and the
angle each wire makes with the vertical is 25°. Now, let’s apply Newton’s Laws:

Since the system is in equilibrium, all forces sum to zero in both the x and y directions. For the left
sphere, we can write:
YFx = Tysinf — Np = 0 > Tpsinf = Np
This means that the horizontal component of the tension is equal in magnitude and opposite in
direction to the normal force of contact acting on the left sphere. I am using 8 =25°. In the vertical
direction, we have:
W 712N

2Fy = Trcos@ — W =0 = Tpcos = WorTp = =
cosf cos25

[
I
~]
\O
Z

This allows us to calculate the contact force on the left sphere:
NL = Tysinf = 79N - sin25 = 33N
According to the third law, the contact force acting on the left sphere must be equal and opposite to

the contact force acting on the righ sphere, so we can conclude the same force acts on the right

sphere.

9.57, p. 150
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Solution : We are told the plane if frictionless, that means the only forces acting along the plane are
the elastic forces due to the compressed spring (acting up the plane) and the component of gravity

acting down the plane. We are asked to find the acceleration of the mass at various points.

As is now commonplace, we begin by writing Newton' s second law for the mass. Setting up the

plane as the positive direction, summing forces along the plane yields :
2F| = k(Ax) —mgsinf = ma

And the acceleration of the mass is:

k (Ax) — mgsinf
a =
m
We can find all three acceleratons from this expression. When the compression is 0.1m, we have:

L 1000 N /m (0.1 m) ;Ekg(9.8m/s2) sin30 45.1m /s
g

Since we set up the plane as positive, this answer means the acceleration is directed up the plane.

When the compression is 0.05m:

1000N/m (0.05m) — 2kg (9.8 m /s?)sin 30
. g(08m/s) = 20.1m /s>
2kg

also up the plane.

Finally, if the spring is fully extended, Ax is zero, and the acceleration is simply - g sin 6 or - 4.9

m [ s> (directed down the plane).



