PHYS 111
HOMEWORK #9

Due : 10 November 2016

1. A geosynchronous satellite orbits the Earth in a period of 24 hours, thereby remaining over the
same spot on the surface of the Earth. Determine the radius of this orbit (measured from the center
of the Earth).

Solution : For this problem we make use of Kepler' s third law (derived in class) :
4
MP? = —a’
G

where M is the mass of the central object (in this case the Earth), P is the period of orbit (1 day =
86400s), G is the Newtonian Gravitational constant, and a is the radius of the orbit (actually, the
semi-major axis but if we assume circular orbits, this is the same as the radius). Solving for the
radius of the orbit gives us:

G M P?

a=|
4°

= 42x10"m = 42,000km ~ 26, 000 miles from the center of the Earth
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2. Determine the period of a satellite in low Earth orbit (about 200 km above the surface of the
Earth).

Solution : We start with the same equation and solve for period :

P =
4 7% a3 4 72 (6.4 x 100 m)3
= = 5082s = 1.41 hours = 85 mins
GM (6.67x 107" m3 kg~!s72) (6 x 10** kg)

And this is the approximate orbital period of a satellite in low Earth orbit.

3. Problem 51, p. 178.
Solution -

Let' s refer to the diagram below :
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We will begin our analysis by considering the forces acting on the 4 kg block Since the block is not
accelerating in the y direction, we know the sum of forces in the y direction is zero, or :

2Fy = Tyy — Ty —mg =0
where T, is the y component of the tension in the upper string and T, is the y component of the

tension in the lower string. We can write this as:

2Fy = Tycosf — Ticos —mg =0
where we define 6 to be the angle between the vertical rod and the string. We can use the data
provided in the diagram to see that cos 6 = 1/1.25 = 6 = 37°. Knowing that the tension in the upper
string is 80N, we can solve for the tension in the lower string:

m 4kg -9.8m/s?
£ _goN- gog / = 31N

(Ty = T)cosd =mg = T = Ty —

cos
We are then asked to find the speed of the block in its rotation. We find this by considering the
horizontal forces. The horizontal force is generated by the horizontal component of tension in the

two strings, and this horizontal force generates the centripetal force:
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2

mv
2Fx = Tu,x + Tl,x =
r
The horizontal components of tension are:
, . m v? rsin @ (T, + Ty)
Tysinf + Tysinf = >V = _— =
r m

Before we can compute a speed, we need to determine the radius of the orbit. We can find this from

the Pythoagorean theorem:

r = \/(1.25 m)’> —(Im)> = 0.75m
Putting all this together, we get:
v = V0.75msin 37° (80N + 31 N)/4kg = 3.54m/s

4. A mass starts at rest from position A on the sphere as shown below. The mass is set in motion

and slides without friction to point B.
a) What is the vertical difference between points A and B?

Solution : We first compute the vertical drop from A to B so we can use the conservation of energy
to compute the speed at B. The distance from the center of the circle to A is the radius, R, of the
circle. The "height" of B above the center is R cos 6, so the vertical drop from A to Bis R - R cos 6
=R (1-cosb)

b) What is the speed of the mass at B (assuming it started at rest at A)? Express your answer in

terms of R, g and 6.

Solution : We make use of the conservation of energy. In the absence of friction, we know that the
total energy at A equals the total energy at B. The total energy is the sum of kinetic and potential, so

we can write :
Ka + Upx = Kg +Up
AtA,K=0andU=mgR;atBK=1/2m?and U=m gR cos §. Thus we have:

2 2

1 1
mgR = ngcosH+5mV > mgR(l—-cosf) = Emv

Another way to interpret this equation is that the loss in potential energy of m g R (1-cos 6) equals
the gain in kinetic energy. This yields for the speed at B: :

v = V2gR(1 - cos6)
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5. Problem 4, p. 213
Solution : We will use the equation
W = Fcosfs

for the various parts of this problem. In the first case, we are told a constant force of 8.5N drags a
box through a displacement of 17.4m. The work done is quite simply
W =85N-174m = 148]

In the second case, we are told the force is directed at angle with respect to the floor, and does a

total of 65J of work. We find the angle between the force and displacement via:

65]
W = 65] = 85N (17.4m)cosf = 6 = cos™" (—) = 64°
(85-17.4)

6. Problem 8, p. 214. Answer parts a) - d) and also : If the package is at rest at the top of the chute,
what is its speed at the bottom? (Five points each part).

Solution : The box travels 2 m down the ramp; the forces acting on the box are gravity and friction.
The component of gravity down the plane is m g sin 6 and the component of gravity perpendicular
to the plane is m g cos 6. Friction acts along the plane with a force equal to px m g cos 8. This

allows us to compute:
a) Work done by gravity = (mgsinf)s = 8kg (9.8 m/ sz) sin53 (2m) = 1257
b) work done by friction = (uymgcosf)s = 0.4-8kg-9.8 m/sz-cos 53x2m = 37.8]

c¢) The normal force does no work since it is perpendicular to the displacement.
d) The total work is 125J-37.8J=87.2]J

e) Let' s solve this problem three different ways. First, we can use either the work - energy theorem
to find the speed at the bottom. We know that the work done on the mass will equal the change in
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kinetic energy. Since the initial kinetic energy is zero, the work done will equal the final kinetic

energy, so we have :

1
Work done = 87.2J = Emvz > v =1+v2(872J)/8kg = 4.67m/s

Second, we can obtain the same answer by using methods of energy conservation:
Ki +U; + K¢ + Us + Wother
where the subscripts 1, f refer respectively to initial and final states, and Wher is work done by

dissipative forces. For the situation presented here, we have:

1
0+ mgh = Emv2 + Wother

At the top of the ramp, the box is 2 sin 53 = 1.6m above the ground, and we know the work done by

friction is 37.8J, this gives us:
1
8kg - 9.8m /s’  1.6m = 58kgv2+37.8J = v =468m/s

Finally, we can solve this via kinematic methods. We can Use
vi = v + 2as
to compute the final speed once we compute the acceleration. We find the acceleration from apply-

ing Newton’s second law to forces acting along the plane. Considering these forces we get:
2F; = mgsinf — yymgcos = ma = a = g(sinf — uxcosb) = 5.47m/s2
Then, we get :
2 _ 2 _
vi = 0+2(547m/s*)(2m) = v = 4.68m/s

which gives the same result for finding the speed at the bottom of the ramp.

7. Problem 18, p. 214.

Solution : The statement of the problem (in part b) suggests we might want to try to do som compar-
ative reasoning, so let' s try to do everything in symbols, using numbers only at the end. A skier of
mass m has an initial speed of v and then coasts for a distance d on level ground. We are asked to

use the work energy theorem to find the coefficient of kinetic friction.

The work energy theorem relates the amount of work done to the change in kinetic energy. In this

case we have :

1
AKE = KE; — KE; = 0 — Emvz

The force doing the work is friction; the force of friction between the skier and the snow is uy m g,

so the total work done is:



6 | phys111-2016hw9s.nb

W¢ = puyymgdcos180 = — yymgd
(the factor of cos 180 arises because the force acts in the direction opposite displacement). Equating
these expressions gives us :
1 v2 (12m/s)?

2
—mv- = ymgd = u = =
2 2gd  2.98m/s?- 184m

= 0.04

Now, having determined an expression for coefficient of friction as a function of initial speed and
stopping distance, we can see that the mass of the skier is irrelevant and plays no role in determining
the coefficient of friction. If the skier's initial speed is doubled, and the coasting distance remains
the same, we can see from our expression that y; varies as the square of the initial speed. If the

initial speed is squared, u is quadrupled, and in this case would equal 0.16.

8. Problem 37, p. 215
Solution : Conservation of energy allows us to relate the final kinetic energy to the initial potential
energy of the hailstone :

Kaloft + Ualoft = Kground + Uground

Using the ground as our reference level for potential energy, Uyot = m g h where h is 500m, The

potential on the ground is then zero, as is the kinetic at the start aloft. This gives us:

1
0+ mgh=—mv+0 == V2gh =+/2-98m /s> 500m = 99m/s = 220 mi/hr.

Hailstones at this speed would fracture our skulls; fortunately, most the initial potential energy is

converted to work done against the atmosphere rather than to final kinetic energy.

9. Problem 44, p. 216.

Solution : This is a conservation of energy problem, in which the initial elastic potential energy is
converted into either kinetic or elastic potential energy. Originally, the mass m compresses a spring

of constant k1by an amount (Ax;). This means the spring has elastic potential energy of
! 2
Uey = 5 ky (Axy)

If the spring then travels without losing any energy, it will compress the second spring (of constant

k> by an amount (Ax;), meaning the second spring acquires elastic potential energy equal to

1 2
Uez = ~ka (Ax)
2
Since there is no loss of energy, the initial potential energy must equal the final potential energy, or

1k(A ) 1k(A )
- X = - X
21 1 22 2
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The first part of the problem asks us to find the compression of the second spring:

ki 32N/cm
Ax; = Ax; | — = 0.04m _ [ ——— = 0.04m+2 = 0.057m
ko 16 N/cm

Once the mass has left contact with the first spring, we know all of the initial elastic potential

energy was converted to kinetic energy, or

1 ) 1 5 ky 3200N/m
—“k(Ax) = —mv- > v=Ax,/— =004m | — =18m/s
2 2 m 1.5kg

10. Problem 52, p. 216. Use the diagram provided in the text for reference, but solve the problems
using only symbols. In other words, the mass is m, the spring of constant k is compressed by an
amount Ax, it travels for a distance L. Use this information to determine an expression for the

coefficient of friction between the block and the table.

Solution : A mass m compress a spring of constant k by an amount Ax. When released, the mass
moves a distance d before coming to rest. We are asked to find the coefficient of friction u. In this
case, we know all of the initial elastic potential energy goes into doing work against friction. So we

can write:
Ua = Wt

or
1 2
Ek (Ax)? = fy L

Now, since the force of friction is given by :

fi = N = ixmg
we have :
k (Ax)?
2mgL

1
Ek(Ax)2 =umgl = u =



