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University of California, Berkeley
Physics 8A Spring 2007 (Yury Kolomensky)

SOLUTIONS TO PRACTICE PROBLEMS FOR MIDTERM I

Maximum score: 100 points

1. (20 points) Welcome to SFO
The North Terminal of the San Francisco International
Airport has two “people-movers” (horizontal trans-
porters similar to escalators). A man, walking on one
of them, reaches the end in 1 minute. If he walks twice
as fast, he could reach the end in 45 seconds. How long
would it take him to reach the end of the mover if he
were standing still ?

1. Solution

This is an example of a relative motion problem. Let’s
denote original velocity of the person relative to the
transporter belt asv, and the time it takes to reach the
endt1 = 60 sec. Suppose the speed of the belt isV , and
its length isL. In the first part of the problem, the man
is moving with velocity

v1 = v + V

relative to ground. In the second case, his speed relative
to ground is

v2 = 2v + V .

Therefore, we have two equations:

L = (v + V )t1 (1)

L = (2v + V )t2 (2)

wheret2 = 45 sec. We need to find timet0 such that

L = V t0 (3)

So we have a system of 3 equations and 4 unknowns
(v, V , L, andt0). You can’t solve it explicitly, but luck-
ily, we are only interested int0 = L/V . Let’s re-write
Equations (1) and (2), factorizing outv andV :

vt1 = L − V t1 = V (t0 − t1) (4)

2vt2 = L − V t2 = V (t0 − t2) (5)

From here, these two equations, we can now relatest0
to t1 andt2:

v

V
=

t0 − t1
t1

=
t0 − t2

2t2
(6)

Solving Eq. (6), we get

t0 =
t1t2

2t2 − t0
= 90 sec.

2. (35 points) Stuck
A car is stranded in a ditch, but the driver has a length of
rope. The driver knows that he is not strong enough to
pull the car out directly. Instead, he ties the rope tightly
between the car and a tree that happens to be 50 ft away;
he then pushes transversely on the rope at its midpoint.
If the midpoint of the rope is displaced transversely by
3 ft when he pushes with a force of 500 N (≈1000 lb),
what force does this exert on the car? If this were suffi-
cient to begin to move the car, and the man pushed the
rope another 2 ft, how far would the car be shifted, as-
suming that the rope does not stretch any further? Does
this seem like a practical method of dealing with the
situation?

2. Solution

This is a force balance problem. The force of 500 N
must be balanced by tension in the rope. The angle
tan φ = 3/25 = 0.12 is relatively large, but the ap-
proximationsin φ ≈ tan φ ≈ φ is still very accurate, so
we will usesinφ = 0.12. We also needcos φ = 0.99.
The force of tension is found by a force balance

2T sin φ = 500 N ⇒ T = 2083 N

The force acting on the car is just the cosine of the an-
gle times this tension, assuming that we want the force
directed towards the tree.

F = T cos φ = 2062 N
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Now we want to find how far the car is shifted.
The original right triangle had sides 3 ft, 25 ft, and
√

9 + 625 =25.18 ft. The rope will not stretch any-
more, so the hypotenuse of this triangle will remain the
same, 25.18 ft. The rope is pushed an additional 2 ft, so
the short side now has length 5 ft. The long side must
have length

√
634 − 25 = 24.68 ft. The car has moved

twice this distance, since the are two triangles with to-
tal hypotenuse≈ 50 ft; only 0.63 ft of car movement
is produced by pushing the rope 2 ft. This isn’t a very
practical way to get the car out of the ditch.

3. (25 points) Legolas’ bow
The bow Legolas uses inThe Lord of the Rings is an
example of a longbow, a common weapon during the
period of the Hundred Year War. A typical Welsh long-
bow had the length ofl = 6 ft (180 cm), was made of
yew, and required an up to 100 lb (450 N) force to draw
(those Welsh archers, like Elves, were strong men). The
maximum draw distanced (see picture) was probably
about 30 inches (76 cm). Assuming that the bow obeys
Hooke’s law (which is a reasonable approximation), es-
timate (to 1 significant digit) the maximum range of
Legolas’ 0.1 kg arrows.

l
d

3. Solution
Don’t be thrown off by the extra information in this
problem: the length of the bow is simply a historical
fact, it is not needed (you need to be able to figure out
what is important in these “real life” problems, but I
promise to not give you such “red herring” in the real
exam !)

Again, there are two parts to this problem. Ignoring
air resistance, the maximum range of the arrow is

Lmax =
v2

g

wherev is the velocity of the arrow after it leaves the
bow. It is realized when the arrow is shot at the opti-
mal angle of45o, as we showed in class. Since the bow
obeys Hooke’s law, we can compute the velocity of the
arrow from the energy conservation. Initially, the arrow
is at rest, and the bow has potential energyUi. After
the arrow is released, the bow springs back to its unre-
strained state (left picture), where its potential energy is
zero, but the kinetic energy of the arrow is not:

Ui =
kd2

2
= Kf =

mv2

2

Hence,

v2 =
kd2

m
(7)

Alternatively, we can derive the same expression from
the work-energy theorem.

Now we need to find the spring constant of the ar-
row. Again, from Hooke’s law and the balance of forces,

F = kd

Plugging that into Eq. (7), we get

v2 =
Fd

m

and the range

Lmax =
Fd

mg
≈ 300 m

(to 1 significant digit), or almost 1000 feet. That’s not
unreasonable, given what we know about archers in the
Hundred Year War. Achieving good accuracy over such
distance is hard, but it wasn’t a problem for Legolas,
apparently.

4. (20 points) Climbs of the Tour de France
Mountain l’Alpe d’Huez is the site of one of the most
famous mountain climbs on the Tour de France, the an-
nual professional cycling race. The climb isL = 14 km
long at an average gradient of 8% (incline angle of
4.6◦). In 2004, Lance Armstrong won the race up l’Alpe
d’Huez in t = 37 min 36 sec (missing a record set by
Italian Marco Pantani by 1 sec). At race time, Lance has
body mass ofm = 75 kg, and his bike has a wheel with
diameter ofd = 670 mm.
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(a) (15 points) What is the minimum amount of en-
ergy Lance spent on the climb ? It is instructive
to compute it in Calories (1 Cal = 4.2 kJ).

(b) (5 points) What average power did Lance deliver
to the wheels during the climb ? It is instructive
to compute it in Horsepower (1 hp = 746 W).

4. Solution
(a) Ignoring air drag, there are threeexternal forces
acting on the bike: the gravity force (weight) directed
downward, the normal force, and the static friction force
between the bottom of the wheels and the pavement,
which propels the bike along the incline. The accel-
eration along the incline is zero, hence the balance of
forces implies

Ffr = mg sin θ

wheresin θ = 0.08. The work done by the friction force
is

W = FfrL = mgL sin θ = 0.8 MJ ≈ 200 Cal

The energy to do this work, ultimately, comes from
Lance: he pushes the pedals, which transmit the force
to the wheels.
(b) The average power is

P =
W

t
= 360 W ≈ 0.5 hp

This is actually pretty high power output. A typical hu-
man can generate peak power of about 2 hp for a short
time (minutes), but only elite athletes could sustain the
power output of0.5 hp for half an hour or more !


