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C10B.2 We are given that the two vectors 11 and @ are perpendicular. This implies that their dot product must be
zero, since i+ =il || |cos® = 0 no matter what the vector magnitudes are. Therefore, according to equation
C10.5, we have

0 =100 = W, + t,w, + 1.W.

o w - “W W, u Wy —(3m)(-4m) - (-5m)(-2m) _ 1
: U 21m

Im.
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C10B.6 (a) Since the gravitational force ﬁx on the car is constant in magnitude (20,000 N) and direction (down-
ward), the work that it does on the car during a finite displacement AF is W=F ¢ AY . During a one-second time
interval, | A¥ | =25 m, and the angle ¢ between F, and A7 is 90° + 4° = 94°. So the work that the gravitational
force does on the car in a one-second time interval is

E.« A7 =|E,|| A7 |cos 6 = (20,000 X) (25 m]cosgfl“(%): ~34,900 ] (1)
(b) Because the car’s speed is not changing, its total kinetic energy is not changing, so F.q Afoy = 0. This can
either be because F.., = 0 or because F., L A7, but the in the latter case, the car’s direction of motion would be
changing, which is not true here. So we must have F., =0, meaning that contact forces on the car’s tires must

be exerting an upward force that cancels the gravitational force.
(¢) However, these forces are exerted on the points where the car’s wheels touch the road, and these points do not
move relative to the road as long as the contact lasts. Therefore, these external contact forces do no work on the
car. Since the gravitational force does negative work on the car (meaning that energy is flowing out of the car),

the internal energy of the car must be decreasing. (In this case, the energy comes from the chemical energy of
the car’s fuel.)
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C10B.7 (a) My butt does positive work on the ball, because I exert a downward force on the ball and the point on
the ball where my butt pushes also moves downward, meaning that the dot product of the force and the displace-
ment is positive.

(b) The floor does ne work on the ball, because although the floor exerts an upward force on the ball, the point
where the floor applies the force does not move.

(¢) The net change in the ball’s kinetic energy is zero, because the ball is initially and finally at rest.

(d) The net change in the ball’s internal energy is positive, because my butt does positive work on the ball and that
energy has clearly not gone to the ball’s kinetic energy, so it must have increased the ball’s internal energy.
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C10M.3 Initial and final diagrams for this situation appear below:

. = . Known: Internal Interactions:
Initial: Final: D, |§ | + Gravitational:
I ﬁ:{] Vﬁc=m|3_|2
. ? - D Car, mass m Unknown: + Contact with road: L
Uj' = -
2 5=0 m, | Ty |

\1
vy

We could take the system to be either just the car (and keep track of work done on the car by the external forces act-
ing on) or we can take the system to be the car an the earth, similar to what we have done in previous chapters. Let's
do the latter. This system is isolated because it floats in space. The system participates in two significant internal
interactions, a gravitational interaction between the car and the earth (which we will handle using the near-earth
gravitational potential energy formula V, = m| ¢ |z and a contact interaction between the car and the road. We will
assume that the latter interaction is frictionless, meaning (1) that we can handle it by ignoring it (because it acts
perpendicular to the car’s motion) and (2) that the system’s total internal energy U will not change in this process.
The earth’s kinetic energy K. will remain negligible because it is much more massive than the car. Our conservation
of energy master equation therefore specifies that

0 0 =

o
Tm|G P+ KA +m|§lz;=tm| G F+ KA+ W+mglz, = tm|T[=m|g|z-z) (1)

Yo

Note from the diagram that z; -z, = D sin @, so substituting this into equation 1 and multiplying both sides by 2/m
yields

15, =2|¢|Dsin® = |7/|=,2[g|Dsin® )

(Note that the units of | § |D = m® /s” so the units make sense. Also note that the final speed goes to zero if  goes
to zero or D goes to zero, which also makes sense.)
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C10M.4 Initial and final diagrams for this situation appear below. In this case, defining z = 0 to be the ground level
and Tarzan's initial and final vertical positions z and z; to be the positions of his feet (instead of his center of mass)
is convenient. Ultimately, we will see that the answer depends only on the change in his center of mass’s vertical
position, which will be the same as the change of position of his feet (assuming that he remains essentially vertical).

Known: Internal Interactions:
7 =0 « Gravitational:
z=30m V,=mlg |z

= 1.0m « Tension force from
Unknown: rope: L

m=17 |v,]=7

""""""""" " Final:
Branch

Tarzan,
MAss M

4.; e B

Ground (z =10

Take the system to be Tarzan and the earth, which is isolated because it floats in space. If we ignore air friction,
Tarzan and the earth participate in two important internal interactions: a gravitational interaction and a contact
interaction mediated by the vine. We can ignore the latter if we treat the vine as an inextensible string (see section
C10.5). We can handle the gravitational interaction by using the near-earth potential energy formula V, = m| § |z.
Neither interaction will affect Tarzan’s internal energy Uy or the earth’s internal energy U, and the earth’s kinetic

energy K, will be negligible throughout because it is very massive compared to Tarzan. Our conservation of energy
master equation in this case becomes

Tm| TP+ Hr+ Ko+ W+ ml g lzi=1ml|d, P+ M+ Ko+ D +ml g |z,

= tmloP=mlglz-z,) = o, *=2[gl(z,~z,)

= |3,]=2[§lz-2) = vV208m/s)(3.0m - 1.0m) = 6.3 % (1)

Note that the units work out and the magnitude (= 14 mi/h) is credible.
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C10M.7 Initial and final drawings for this situation appear below.

Known:
Z—z=13m

|7,|= 128 mi/h

=10mi/h

Unknown:

m, change in internal energy AL

=
Ty

Initial:
Internal Interactions:

« Gravitational: V, =m|g |z
« Contact with track: L

Roller-coaster
car, mass m

The system here is the car and the earth, which is isolated because it floats in space. The car and the earth participate
in three significant internal interactions: a gravitational interaction (which we will handle using the near-earth gravi-
tational potential energy formula V, = m| g' |z‘,|, anormal contact interaction between the car and the rails {which we
will ignore, because the force it exerts is always perpendicular to the car’s motion), and a friction interaction with
the rails and/or the air that channels energy to internal energy. Because we don’t know how much goes to the cart or
the air or the rails, let’s just say that the system’s total internal energy is U, before and some possibly different value
U; afterward. The earth’s kinetic energy K, remains negligible because the earth is much more massive than the car.
The conservation of energy master equation for this situation is therefore
0 0

1 ~ 2z T = ! =2 =+
3m|v,-| +Kf+u,-+m|g|z,-=5m|vf| + K.+ U;+m|g|z;
= AU=U-U;=4m(|5-[5[")-m gz -2) (1)

The fraction of the car’s initial kinetic energy that has gone to internal energy is therefore

ALl :1_|af|2_z|§|(zf—z,.) :1_(' 10 mith )2_2(9.3m552](139m)f'2.24m+h)2
2 128 mith (128 mith)® | 1m/%

|2 |-|-2

s | 3:
=1-0006-0834=0.16 2)

_é fi']'| 51'

Therefore, friction has removed only about 16% of the car’s initial kinetic energy.
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