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University of California, Berkeley
Physics 8A, Section 1, Spring 2007 (Yury Kolomensky)

SOLUTIONS FOR FIRST MIDTERM
Maximum score: 100 points

1. (10 points) Blitz
This is a set of simple questions to warm you up. The
problem consists offivequestions, 2 points each.

1. The distance between San Francisco and Hon-
olulu is 2128 nautical miles. 1 nautical mile is
equal to1.852 km. A typical plane ride from San
Francisco to Honolulu takes 5 hours. What is the
average speed of the plane in m/s (to 1 significant
digit) ?

Answer: v = d/t ≈ 200 m/s.

2. Circle correct answer. A pitcher tosses a baseball
straight up with an initial speed of 12 m/s. After
reaching its maximum height, the ball falls back
to the ground. Which of the following applies at
the highest point of the trajectory ?

(a) Only the instantaneous velocity is zero.
(b) Only the acceleration is zero.
(c) Both the instantaneous velocity and the ac-

celeration are zero.
(d) Neither the instantaneous velocity nor the

acceleration is zero.

Answer: (a)

3. Circle correct answer. When a vector sum of all
forces acting on a body is zero, the body

(a) moves with increasing speed
(b) moves with decreasing speed
(c) moves with constant speed, or remains at

rest
(d) All of the above
(e) None of the above

Answer: (c)

4. Circle correct answer. Drag force acting on a
moving object in air

(a) Is always horizontal, and proportional to
the normal force.

(b) Is always vertical, and increases with ve-
locity of the object.

(c) Points in the direction opposite to the rel-
ative velocity in air, and increases with
speed

(d) Parallel to the velocity vector, and de-
creases with speed.

(e) None of the above.

Answer: (c)

5. Circle correct answer. Imagine a basketball
bouncing on a court. After a dozen or so
bounces, the ball stops. From this, you can con-
clude that

(a) Energy is not conserved.
(b) Mechanical energy is conserved, but only

for a single bounce.
(c) Total energy in conserved, but mechanical

energy is transformed into other types of
energy (e.g. heat).

(d) Potential energy is transformed into kinetic
energy

(e) None of the above.

Answer: (c) is the intended answer. We will also
accept (d) and (e) as the wording of the question
is somewhat ambiguous.

2. (25 points) On Dangers of Tailgating
You are driving on a freeway at the legal speed of

v0 = 65 mph (29 m/s). The car ahead of you is driving
at the same speed and in the same direction (obviously),
and you leave a few car lengths (d = 10 m or 30 feet)
between you and the other car. Suddenly, just as you
look at the dashboard to change the radio station, the
driver ahead of you sees an obstacle on the road, and
brakes hard. If it takes you∆t = 1 sec to react before
slamming the brakes yourself, would you hit the other
car ? Let’s assume that when the brakes are engaged,
both cars skid on a perfectly straight line and maintain
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full contact with the road with the coefficient of kinetic
friction µ = 1. To help analyze the situation, we’ll split
the problem into parts:

(a) (5 points) What is acceleration of each car when
the brakes are engaged ?

(b) (5 points) How many seconds does it take for
each car to stop (from the time the brakes in each
car are applied) ?

(c) (5 points) From the time the leading car applies
the brakes, what distance would each car travel
before stopping, if there were no collision (e.g.if
the cars were in different lanes) ?

(d) (10 points) If the cars are in the same lane behind
one another, is there a collision ? If so, what is
the relative velocity of one car with respect to
the other when they hit each other ? If not, what
is the distance between the cars when they stop ?

2. Solution
(a) The acceleration is provided by the kinetic friction
force:

|a| =
Ffr

m
=

µN

m

where the normal forceN can be found from the bal-
ance of forces in the vertical direction:

N − mg = 0 ⇒ N = mg

If we choose the positive direction to be along the ve-
locity vector, the acceleration is negative (speed is de-
creasing). Hence, the acceleration is

a = −µg = −9.8 m/s2 . (1)

The acceleration is the same for both cars, as long as the
brakes are engaged and the car is still in motion.
(b) To change the car’s velocity fromv0 = 29 m/s to
v = 0 requires

tstop =
v − v0

a
=

29

9.8
s = 3 s

(c) Let’s start with the leading car. It starts accelerating
at t0 = 0. Measuring the distance from the original po-
sition of the leading car, that car will cover the distance

d1 = v0tstop +
at2stop

2
= 43 m

This is also the distance that the second car will travel
from the time it applies its brakes.

Before applying its brakes, the second car travels the
distance

dbefore braking = v0∆t = 29 m

So from the time theleadingcar applies the brakes until
the the second car stops, it travels

d2 = 29 m + 43 m = 72 m

(d) To find out if the cars collide, we have to determine
the time when their coordinates are equal, and see if that
happens before or after both cars stop.

We will “start the clock” when the leading car ap-
plies the brakes, pointX axis along the direction of mo-
tion, and count position from the location of the trailing
car att = 0. The leading car’s position follows the stan-
dard equation for motion under constant acceleration:

x1(t) = d + v0t +
at2

2

where accelerationa is given by Eq. (1). Note the sign:
our acceleration is signed (negative), so the equation
above has a+ sign for the acceleration term.

The trailing car moves with a constant velocity for
∆t = 1 sec, and then starts decelerating. Over the first
∆t = 1 sec, it travels the distance

∆x2 = v0∆t

After that, the equation of motion for constant accel-
eration applies, and that we have to take into account
the fact that acceleration starts att0 = ∆t, and that the
initial position att = ∆t is ∆x2:

x2(t) = ∆x2 + v0(t − ∆t) +
a

2
(t − ∆t)2 , t > ∆t

Plugging in the expression for∆x2, we get

x2(t) = v0t +
a

2
(t − ∆t)2 .

We now find at what timetcoll the trajectories of the
cars cross:

x1(tcoll) = x2(tcoll)

which, after some algebra, we can simplify to findtcoll:

tcoll =
t0
2
−

d

a∆t
= 1.5 s
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So the collision happens before either car stops. The
relative velocity is

∆v = v2(tcoll) − v1(tcoll) .

To find it, we need to write the expressions for velocities
of the two cars, while they are decelerating:

v1(tcoll) = = v0 + atcoll

v2(tcoll) = = v0 + a(tcoll − ∆t)

∆v = −a∆t = 9.8 m/s = 22 mph

3. (20 points) Kickoff at the Oakland Coliseum
Sebastian Janikowski is kicking off for the Oakland
Raiders. The force he exerts on the ball during the kick
increases and then falls linearly (see the graph below),
with the maximum forceFmax = 3 · 103 N, and the du-
ration of the kickt0 = 8 ·10−3 s. Assuming no air resis-
tance, can the ball reach the end of the field, i.e. travel
at least 80 yards (73 m), resulting in touch-back ? Ex-
plain your answer (i.e. a simpleyesor no answer is not
sufficient). For those of us who don’t normally remem-
ber this, mass of the football ism = 15 oz (0.43 kg).
Note that the angle of the kick is not given; you have
to determine what the optimal angle for the kick would
be, and assume that Mr. Janikowski has done the same
(after all, he is a college graduate !)

Fmax

1/2 t0 0t t

F

3. Solution
This problem is almost exactly the same as one of the
Problems of the Week. The only (minor) complication
is the initial speed of the ball, which is not given di-
rectly.

The problem is simply asking whether the maximum
range of the ball is larger thanLfield = 73 m. If we know
the speed of the ballv after it leaves Mr. Janikowski’s

foot, we can find the range. I derived this in class, so
will display the final answer here. If the ball is kicked at
angleθ over horizon and it lands at the same elevation,
the ball travels

L =
v2 sin 2θ

g
.

It immediately follows, that ifv is fixed, the maximum
range

Lmax =
v2

g
(2)

is achieved whenθ = π/4 rad = 45◦.
Now all we need to do is to find speed of the ballv.

We are given the dependence of force on time, so can
convert this to acceleration as a function of time, and
integrate to findv:

a(t) =
F (t)

m

v =

∫ t0

0
a(t)dt =

Fmaxt0
2m

= 28 m/s

That’s the speed of the ball as it leaves Janikowski’s
foot. Therefore, plugging in the value into Eq. (2), we
find the maximum range:

Lmax =
F 2

maxt
2
0

4m2g
≈ 79 m > 73 m .

So yes, the ball travels more than the length of the field.
In football, that’s a touchback.

4. (15 points) Funicolare per Brunate (Funicular to
Brunate)
There is a village in Italy called Brunate, sitting on
the side of a steep mountain, above the town of Como.
Brunate is connected to Como by a cable car, that trav-
els up and down the mountain at the incline angle of
about45o every half an hour. Each one-way trip takes
about 4 mins, and elevates passengers by about 400 m.
The cable car is riding on a pair of rails, and is pulled up
by a thick steel cable, thrown over a motorized pulley.
When fully loaded with people, the car weighs about
10,000 lbs (massm = 5, 000 kg).

(a) (5 points) Ignoring friction, what is the tension
in the cable ?

(b) (5 points) How much work is needed to pull the
car to the top ?
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(c) (5 points) How much power is delivered to the
car ? Express you answer in Horsepower (1 hp =
750 W).

Note (that you do not have to read): Funiculars actually
use two cable cars, one on each side of the pulley. When
the first car is ascending, the second is descending, and
acts as a counterweight. For this problem, we ignore the
second car (the system must be able to operate when
the masses are not balanced, e.g. when one car is fully
loaded and another is empty).

4. Solution

(a) We find the tension easily from the free-body dia-
gram (see picture below)

mg

N

α

h=400 m

T

XY

mg + N + T = ma (3)

The acceleration is not given in this problem (it should
have been), and we will assumea = 0 (this is what I
wrote on the board). If you assume constant accelera-
tion, you can find it from the fact that the car covers
distanceh/ sin α in t = 4 min:

d =
h

sinα
=

at2

2

which leads to

a =
2h

t2 sin α
= 0.02 m/s2 � g

So the acceleration is much smaller thang, and can be
safely ignored. Let’s seta = 0 in Eq. (3), and project
onto theX axis, which points up the incline:

T − mg sin α = 0

T = mg sin α = 35 kN (4)

(b) We can find work in two ways. One is using the
standard formula

W = Td

whered = h/ sin α is the distance the car travels. Note
that the angle between the displacement vectord and
tensionT is zero, so the cosine term is 1. Therefore,
plugging in the expression forT from Eq. (4), we get

W = mg sin α
h

sin α
= mgh = 20 MJ

This should not be surprising. Since there are no dissi-
pative forces (friction) and the kinetic energy of the car
does not change (a = 0), the work done by the tension
force has to be equal to the increase in potential energy:

W = ∆U = mgh .

(c) Again, two ways to find power. One is to simply
divide the work by time:

P =
W

t
= 82 kW = 110 hp

The other is to multiply tension force by velocity:

W = Tv = mg sin α
h

t sin α
=

mgh

t

which obviously gives the same answer.

5. (30 points) g is for Gymnastics
My kids’ gym has a trampoline that I helped set up. The
trampoline is basically a sheet of non-stretchable fabric,
connected to a rectangular frame by stiff springs. It be-
haves more or less like a vertical spring (a person on top
of the trampoline is not connected to it), and to first ap-
proximation obeys the Hooke’s law. I noticed that when
I stand in the middle of the trampoline, it sags by about
6 inches (15 cm). My mass ismy = 65 kg. The trampo-
line is set up over a pit (see picture), and the maximum
safe distance the trampoline can be stretched downward
is about 3 ft (90 cm).

(a) (20 points) What elevation (relative to ground)
does a child of massmc = 50 kg achieve
when he stretches the trampoline maximally and
bounces straight up ?

(b) (10 points) What is the maximum acceleration he
experiences ?
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:)

3 ft deep

ground level

5. Solution
(a) This problem is very similar to the practice problem
about Legolas and his bow, except that the motion is
entirely in the vertical direction. We will solve it using
the concept of conservation of energy, though you can
also work it out using the work-energy theorem.

We will compare two points: the initial position
would be the child on a maximally stretched trampo-
line, and the final position would be at the maximum
elevation in flight. At the initial position, the total me-
chanical energy contains potential energy of the spring
(trampoline) and potential energy due to gravity:

Ei =
kd2

max

2
− mcgdmax

wheredmax = 90 cm is the maximum stretch of the
trampoline. Notice that there is no kinetic energy term
(because when the trampoline stretches maximally, the
child is momentarily at rest, before being pushed up).
Also note the minus sign in front of the gravitational
potential energy: this is because the child isbelow the
ground level, which we use as origin of the coordinate
system (y = 0).

At the top of his trajectory, the child’s entire energy
is contained in the gravitational piece:

Ef = mcghmax

We can now find the maximum elevation from conser-
vation of energy (we ignore air resistance and any other
friction forces):

mcghmax =
kd2

max

2
− mcgdmax

hmax =
kd2

max

2mcg
− dmax (5)

But we do not know the spring constantk. We can find
it from the initial conditions: the balance of forces when
the adult (me) stands in the center of the trampoline. In
this case, the vertical acceleration is zero, which means
the weight of the adultmyg is balanced by the spring
force of the trampolinekd, whered = 15 cm:

myg = kd ⇒ k =
myg

d
= 4.3 kN/m

Plugging this into Eq. (5), we finally find the elevation
of the child:

hmax =
d2
max

2d

my

mc

− dmax = 2.6 m

That’s a pretty decent height.
(b) The child experiences maximum acceleration when
the trampoline is stretched maximally. At that point
there are two forces acting on him: the upward force
from the trampoline, and the downward gravity force.

a =
kdmax − mcg

mc

= g

(

my

mc

dmax

d
− 1

)

= 7 g = 70 m/s2

That’s some seriousg force.


