Assignment #7

Chapter 8 Questions:

8.3 The work doneis not force times distance. In Example 8.4 the force is perpendicular to the differential
change in the position vector at every point along the path so zero work is done.

8.5 Yes, theforceis aways anti-parallel to the velocity.

8.6 Each has chosen a different location for the origin of their y coordinate. The one who says the potential
energy is zero hasthe origin at the cola can. The one who says the potentia energy is positive has the origin
below the can, and the one who saysiit is negative has the origin above the can.

8.26 The impact speed is the same for al cases. Using the CWE theorem with no work done by non-
conservative forces, 0 = AK + AU. The change in the potential energy isthe same for al paths since the initial
and final elevations are the same. Since each has the sameinitial kinetic energy (i.e. speed and mass), then the
fina kinetic energy isthe same in each of the cases. So the final speed isthe same.

Chapter 8 Problems:

8.6 The force is a constant force so the work can be found using W = F e AT, The change in the position
vector 1s

AT=Tf=T, = (—4.00 m )i+ (1.00 m)j) — ((8.00 m )i+ (2.00 m ;.j) = —(12.00 m )i = (1.00 m )j.

=l

The work done is

W= ([60.0 Nji— (40.0N)j+ (250N )R) . (—(1:2.00 m)i—(1.00 m ;.j) = 6801].

#.18 Model the Earth as a spherical mass M of radius R. Then the gravitational potential energy of a
mass m located a distance r > R from its center is

GMm
™

PE=—

The potential energy of m on the surface of the Earth is

GMm
]-:Esurfa-:'e = - 72
We want to find » =20 that
GM oM
PE = 0.0100 PEopyfare = — rm = 0.0100 (—Tm) — r=100R.

This is the distanee of m from the ecenter of the Earth. The distance of m above the surface of the Earth
is therefore

99R = 99(6.37 » 10° m) = 6.31 = 10° m.



#.19 The forces on the mass are:
1. its weight W, of magnitude myg, directed down;
2. the normal foree N of the surface, directed up;
3. the force of kinetic friction fi. of magnitude py N, directed opposite to the veloeity of the mass; and
4. The foree F pushing the mass horizontally across the surface.

Let j point up. Then W = —mgj and N = Nj. These are the only forces on m with nonzero j components.
Since the mass is not accelerating in the j direction these forees sum to 0 N. Henece

—mgj+ Nj=0N = N =my.
Therefore
fu = paN = pemyg.

Along Path 1, the force of kinetic friction is constant, so we can use W = F « AT to calculate its work. Take
the origin at point 4 and let i point in the direction from A4 to B. Then

AF=Tp=T; = (0500 m)i = 0m = (0.500 m)i.
The foree of kinetie friction along this path is
fi = —ppgi = —(0.25)(3.00 kg )(9.81 m/s? )i = —(T4 N)i.
The work done by friction along Path 1 is therefore
Whath 1 = fr @ AT = (=TAN)ie (0.500m)i=—-3.717.

Along Path 2, the force of kinetic friction is not a constant force, since it changes direction at the apex of
the equilateral triangle. However, along each side of the triangle, the force of kinetic friction is constant.
Indeed, since the triangle is equilateral, the sides have equal length so the work done by the force of kinetie
friction along each side of the triangle will be the same as ecaleulated for Path 1. Henee the work done by
this foree along Path 2 is

Whath 0 = 2{-3.7J) =-747J.

Sinee the work done by kinetic friction is different for these two different paths from 4 to B, kinetic friction
i3 not conservative.

5.23
a) The change in the velocity is

AV =T = ¥

(—(4.00 m/s )i+ (6.00 m/s )j — (8.00 m/s )1}) - ((3.00 m/s )i — (2.00 m/s )j + (5.00 m/s )12)
= =(7.00m/s )i+ (8.00 m/s)j = (13.00 m /s )k.
b} To find the change in the kinetic energy, first find the initial and final speeds.

vi =4/(3.00m/s)2 +(—2.00m/s)2 4+ (5.00m/s )2 =6.16m/s, and
vp=/(—4.00 m/5)2 + (6.00m/s)2 + (—8.00 m/s )2 = 10.8 m/s.

The change in the kinetic energy is

AKE = %mﬂ? — %mv? = %m(trf — )= %[3.00 kgj[(10.8m/s)* — (6.16 m/s)?] = 118 J.



¢) In general, Av? £ (Av)?, since
(ﬂtrjz = (v — trjjg = ‘t.'? — 2upy + v? = Av® — Zvpy + :E."L'f.
Therefore, in general,
1 1 1 1 1
AKE = Emv% - Emvfz = Em(v? —f) = Em.-'}.trz # Em(,ﬁng .
d) According to the CWE theorem, the work done by the total force on the system is equal to the change
in the kinetic energy of the system, which we found in part b) to be 118 J.

5.26
a) The forces acting on the tooth fairy svstem are:
1. her weight W, a conservative force, whose work is accounted for by the change in gravitational potential
energy of the system at different heights; and
2. the normal force N of the surface on the fairy, which does zero work sinee it is always perpendicular
to the fairy’s path.
The CWE theorem states that
Whonconservative = A(KE + FE).
There are no nonconservative forees acting on the system, so the left-hand side of the equation is zero, which
means the total mechanical energy of the system is conserved (ie, the same) throughout the motion. The

total mechanical energy at Point 1 is purely gravitational potential energy, since the tooth fairy begins at
rest. Thus, at Point 1, the total mechanical energy is

KE+PE=0J+mgy=({400kg)(9.81 m/s*)(3.00m) = 118 J .

The total mechanical energy at Points 2, 3, and 4 is also 118 J sinee the total mechanical energy is conserved.
b} The potential energy of the system at each location is PE = mgy. Therefore

At Point 1, PE = (4.00 kg)(9.81 m/s*)(3.00m) = 118]
At Point 2, PE = (4.00 kg )(9.81 m/s* (0 m ) =0J
At Point 3, PE = (4.00 kg)(9.81 m/s? )(—4.00m) = —157]
At Point 4, FE = (4.00 kg )(9.81 m/s? )(0 m) =017
¢) The kinetic energy at each location is KE = Total mechanical energy — PE = 118.J — FE. Hence
At Point 1, KE=118] —1181] =01
At Point 2, KE=118] —01] =1181]

At Point 3, KE=118] —(-157J) =275]

At Point4, KE=1181 —0J =1181]



dj The speed at each location may be found from the kinetic energy at that location,

Here's a summary.

1o, 2(KE) [ 2(KE)
KE_ﬁml — " VTm T ‘]b'l 400 kg

BIOED .
At Point 1, v= 1“" n ::ID k‘; =0m/s
IR
At Point 2, v= v’ﬁ = 7.68m/s
[ 4.00 kg
At Point 3, v= E-"f;Tng =11.7m/s
218 J
At Point 4, v= .b.-"— = 7.68m/s
| 1.00 kg /
Point | E=KE+ P | KE PE v
1 1187 07 | 1187 | Om/s
2 1181 118 1] 0J 7.68 m/s
3 1187 2757 | —157 7 | 11.7 m/s
4 1181 118 ] 0nJ 7.68 m/s




8.35 Use the CWE theorem. The only foree on the ball after it’s thrown is the gravitational force of the
Earth. Its work is accounted for in the CWE theorem by the change in the gravitational potential energy.
There is no work done by noneonservative forees since there are no such forees acting on the ball. We eannot
use mgy for the gravitational potential energy since the path is not confined to distances close to the surface
of the Earth. Instead we must use the more general gravitational potential energy function

GMm

PE=— ;
r

Take the initial position of the hall to be on the surface of the Earth just as it leaves Superman’s hand. Take
the final position to be the maximum height position at a distance r from the center of the Earth where its
speed and kinetic energy are zero. The CWE then =

0J = Wioncenservative = A{KE + PE) = (KE¢ + PE¢) — (KE; + FE;)

oy (=CMm 1, (-GMm\] -GMm 1 _, GMm
=1 )™t m )| T T TR

The initial speed v is given as half the escape speed.

1__3 2GM
T 2VTR
Substitute this expression for v in the CWE theorem,
0] — —GMm 1 1 II,"QGM : GMm _ —GMwm  3GMm 4R
= VTR ) TR T fitr o T 73N

The distance » is measured from the center of the Earth, so the maximum height of the ball above the
surface of the Earth is

4 1
ER—R—ER,

8.45

a) Use the CWE theorem. During its descent, the forces acting on the wvehicle are its weight W and the
normal force N. The normal foree does zero work and the work done by the weight is accounted for by
the potential energy term in the CWE theorem. The appropriate potential energy is mgy. Take j to point
upward and choose the origin at point 4. There are no nonconservative forces, so they do zero work. Take
the initial position to be where the vehicle begins its descent at zero speed, and take point A as the final
position. The CWE theorem becomes

0J = Wioneonservative = A(KE + PE) = (KE + PE); — (KE + PE), = (ﬁ 401 ) — (07 + mgy)

2
= wva = /2g9u = /2gh.

L) At point B, if the normal force of the track on the vehicle is zero, the only foree on it is its weight,
and this must provide the centripetal acceleration. Applying Newton’s second law to the vehicle at point
B, using the magnitudes of the vectors:

2

L otal = ma = mg:m% = uvp =+/gR.



¢) Use the CWE theorem. Taking the initial position to be where the vehicle begins its journey, and the
final position to be point B, we have

|2
0] = Wasnconservative = A(KE + PE) = (KE + PE); — (KE + FE); = (m;*g + mg(?R)) — (07 + mgh)
a
= m_;g + mgi(2R) — mgh.

Substitute the expression for vg from part h):

mBRg h &
0] =——= 2Ry —mgh = —=—.
5 +mg(2R) —mg R-3
d) Since the total mechanical energy of the vehicle is conserved, the vehicle has the same speed when it
exits the loop as it does when it enters the loop. Hence, from part a) the exit speed is va = Zgh.

e) The work done by the gravitational foree is the negative of the change in the gravitational potential
energy of the vehicle,

Waravity = —APE = —(FE¢ — FE;) = —(0 ] — mgh) = mgh.

f) Only the answer to part €) depends upon the mass of the vehiele.

.48
a) The kinetic energy of the mass is

KE = lm'-:r2 =

(0.070 kg )(T0m/s)* = 1.7J.

o] =

b) Use the CWE theorem. There are no nonconservative forces, so they do zero work. Take the initial
position to be where the mass is resting against the compressed spring and the final position to be where
the mass leaves the spring (at the equilibrium unstretched position of the spring).

0l = H"rnonconservative = JEI{E + FE) = (I{E'f + PE[':' - (I{E] + PE']:'
=(17T+0J)— (0] +PE) = PR =171,

¢) The initial potential energy is associated with the spring, so letting x = —0.050 m be the amount that
it is compressed, and letting & be the spring constant,

P = Lpa? s ko 2PE, 2(1.7J)

= =14x10°N/m.
2 22 (—0.050m )2 g /m




B.56

a) The period of the satellite measured in seconds is

3600 =
h

T =984h =(9.84h]|( ):3.54;< 10% s.

The gravitational foree of Jupiter is the only force on the satellite. The orbit is circular, so the acceleration
is centripetal. Hence

F=ma =

The speed v of the satellite is the circumference of its orbit divided by the period T'.

2mr
V= —

T

Substitute this expression for v into the previous equation and solve for ».

2y 2
GMm (T)
=m

2 e

—

GMT? _ (667 x 10~ N - m? /kg? )(1.90 x 10%7 kg )(3.54 x 1075 )?

P ‘V = =1.50% 10°m.

r=if
b) The speed is

. 2mr 2159 % 108 m)
- T 354x10%s

=282 %10 m/s.

¢) The total mechanical energy of the satellite is
E=KE+TE
1 5 ( GM m)
= Emt_‘_ + —

"

1

- —11 2 o2 27
_ 5[1:200 ker)(2.82 x 104 m s )2 — (6.67 » 107" N - m~ /kg” ){1.90 x 107" kg )(1200 kg |

1.59 % 108 m

=470 % 101 T,

d) The escape speed from this distance from Jupiter is

2GM fi’(ﬁ.ﬂ? % 101 N - m?/kg? }(1.90 x 10%7 kg )

. — _ 4
Vescape = ‘||'I - = V 150 < 10° m =3.99 = 10 mys.




