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

SOLUTIONS FOR SECOND 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. Circle correct answer. In an elastic collision

(a) momentum is not conserved but kinetic en-
ergy is conserved;

(b) momentum is conserved but kinetic energy
is not conserved;

(c) both momentum and kinetic energy are
conserved;

(d) neither kinetic energy nor momentum is
conserved;

(e) none of the above.

Answer: (c)

2. Circle correct answer. A hoop, a uniform disk,
and a uniform sphere, all with the same mass
and outer radius, start with the same speed and
roll without sliding up identical inclines. Rank
the objects according to how high they go, least
to greatest.

(a) hoop, disk, sphere
(b) disk, hoop, sphere
(c) sphere, hoop, disk
(d) sphere, disk, hoop
(e) hoop, sphere, disk

Answer: (d). The object with highest moment of
inertia has the largest kinetic energy at the bot-
tom, and would reach highest elevation. The ob-
ject with thesmallestmoment of inertia (sphere)
will therefore reach lowest altitude, and the ob-
ject with the largest moment of inertia (hoop)
will be highest.

This question was originally marked incorrectly
on the answer sheet (we confused the order). So
if you lost 2 points on this question, you will get
them back.

3. Circle correct answer. When a figure skater spin-
ning on ice extends her arms out horizontally, her
angular velocity

(a) increases
(b) decreases
(c) remains the same
(d) May increase or decrease depending on the

angular velocity
(e) none of the above

Answer: (b). Angular momentum is conserved,
and the moment of inertia increases.

4. Circle correct answer. Water flows through a
constriction in a horizontal pipe. As it enters the
constriction:

(a) water speed increases and pressure de-
creases

(b) water speed increases and pressure re-
mains constant

(c) water speed increases and pressure in-
creases

(d) water speed decreases and pressure in-
creases

(e) water speed decreases and pressure de-
creases

Answer: (a). The flow rate is constant (continuity
equation), so the velocity increases. Then, pres-
sure decreases per Bernoulli’s equation.

5. A famous cruise ship Queen Mary 2 weighs ap-
proximately76, 000 tons (7.6×107 kg) and has a
total volume (including cabins, cargo space, etc.)
of approximately1.5 × 105 m3. What buoyancy
force does the ship experience when she floats in
the Atlantic ocean ?

Answer: Since the ship is floating, her weight is
balanced by the buoyancy force:Fb = mg =

7.4 × 108 N.
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2. (25 points) Dangerous Demo
You may remember this demonstration from earlier in
the semester. A 200 g wooden block is placed on top
of a muzzle of a 0.22” rifle, mounted vertically next to
a meter stick (see picture below). The rifle fires a 3 g
bullet into the block. The bullet stops inside the block,
and we observe that the block (with the bullet inside)
lifts up to the elevationh = 240 cm above the muzzle.
This is a convenient way to measure themuzzle velocity
(velocity with which it exits the rifle) of the bullet.

(a) (10 points) What velocity does the bullet have
just before it hits the block ? That is the muzzle
velocity.

(b) (5 points) Obviously, the rifles are not normally
used this way. Usually, you would hold the ri-
fle in your hands, press the butt end against your
shoulder, and fire. When the bullet is fired, you
feel the riflerecoil, i.e. the butt of the rifle strike
you in the shoulder. Why does the rifle recoil ?

(c) (10 points) What average force does the rifle ex-
ert on the shoulder while the bullet accelerates
? You will need to know the length of the rifle
barrel (68.5 cm).

2. Solution

(a) This part should be familiar, since it has been
worked out in class when we discussed inelastic col-
lisions. There was also a similar homework problem.

First, momentum conservation relates the velocityv

of the bullet just before the collision to the velocityV
of the block-bullet combination just after the collision:

pbefore = mv = pafter = (m + M)V

wherem = 3 g is the mass of the bullet, andM = 200 g
is the mass of the block. The collision is fully inelastic:
the bullet is embedded in the block. So if we know the
velocity V of the block after the collision, we can find
out the velocity of the bullet:

v =
m + M

m
V (1)

Since we know the elevation of the block, we can re-
late it to the velocityV using the conservation of energy.
At the muzzle, the potential energy of the block-bullet
combo is zero, and the kinetic energy is

Kinitial =
m + M

2
V 2

The block rises to the elevationh = 2.4 m, where its
kinetic energy is zero, and its potential energy is

Ufinal = (m + M)gh

Energy conservation requires

Uinitial + Kinitial = Ufinal + Kfinal

Plugging in the values, we can findV :

V =
√

2gh

and plug it into Eq. (1):

v =
m + M

m

√

2gh = 464 m/s .

(b) The recoil of the rifle is another demonstration of
momentum conservation. Initially, the rifle and the bul-
let are at rest, and their total momentum is zero. Af-
ter the bullet is fired and before it and the rifle have
a chance to interact with the surrounding bodies (e.g.
your shoulder), the momentum of the system has to re-
main the same. So if the bullet is traveling fast away
from you, the rifle has to recoil towards you, to keep the
total momentum zero. Ignoring the powder gas (which
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also escapes through the muzzle – but I did not tell you
about it in the problem, so it’s safe to ignore this), the
momentum of the bullet is equal in magnitude and op-
posite in direction to the momentum the rifle picks up.

You can also think about it in terms of the 3rd New-
ton’s law. Since the bullet is accelerated, there must be a
force applied to it. The source of this force, ultimately,
is the rifle, or more precisely, the gun powder gas that
pushes against the rifle and accelerates the bullet. By
3rd Newton’s law, the force that accelerates the bullet
has to have a pair – the force acting on the rifle in the
opposite direction.
(c) Here we will put a 3rd Newton’s law to good use.
The force that accelerates the bullet is equal and oppo-
site to the force that is applied to the rifle and, through
the buttstock, transfered to the shoulder. So if we find
the force that accelerates the bullet, we get the force
acting on the rifle and the shoulder.

The easiest way to find the average force is to invoke
energy conservation (recall problem #6 on the Problem
of the Week page). The kinetic energy the bullet picks
up is

K =
mv2

2

and it must be equal to the work done by external forces
– which provide acceleration:

K = Wext = 〈F 〉l

wherel = 68.5 cm is the distance over which the bullet
is accelerated,i.e. the length of the barrel. The average
force is hence

〈F 〉 =
mv2

2l
= 470 N

This is a significant force (a bit over 100 lbs !) The ri-
fle recoil can be quite tiring after a few rounds, espe-
cially for higher power weapons. Have you noticed that
in (realistic) movies, a sharpshooter never puts his eye
right up against the scope of a rifle (like you would be
inclined to do looking through binoculars) ? He would
not want to get a black eye, or, worse yet, end up with a
broken eye socket !

The other way to find the force is to use the impulse
theorem:

∆p = 〈F 〉∆t

where∆p is the change in momentum picked up by the
rifle (it is equal and opposite to the momentum picked
up by the bullet, if we ignore the powder gases), and
∆t is the time it takes for the bullet to fully accelerate
(i.e. leave the barrel). The change in momentum is (by
magnitude)

∆p = mv

To find the time interval∆t, we can use kinematics
equations for the bullet:

l = 〈a〉
∆t2

2
v = 〈a〉∆t

where 〈a〉 is the average acceleration. These can be
solved to express

∆t =
2l

v

Then, the average force is

〈F 〉 =
mv

∆t
=

mv2

2l
= 470 N

which is the same result.

3. (25 points) Loop-the-loop
This is another in-class experiment. A solid brass ball
of massm = 70 g rolls smoothly along a loop-the-loop
track when released from rest at elevationh along the
straight section (see picture below). The circular loop
has radiusR = 30 cm, and the ball has radiusr =

0.5 cm.

(a) (15 points) What ish if the ball is on the verge
of leaving the track when it reaches the top of the
loop?

(b) (10 points) What is the magnitude and direction
of the horizontal force component acting on the
ball at point Q?
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3. Solution
This problem was also worked out in class, and was

also on Homework 7.
(a) At the top of the loop, two forces are acting on the
ball: the normal forceN and the gravity forcemg. Both
are directed downward, and are providing centripetal
acceleration of the ball:

N + mg = macp

While the ball is in contact with the track,N ≥ 0.
The fact that it is on the verge of loosing contact means
N ≈ 0. Therefore, the centripetal force is generated by
gravity only, and the centripetal acceleration is equal to
g:

acp =
v2
cm

R
= g

wherevcm is the velocity of thecenter of massat the
top of the loop. Hence, the square of the velocity at the
top is

v2
cm = gR (2)

Now we need to relate that velocity to the initial el-
evation of the ballh, and then solve forh. We will use
energy conservation for that. The initial energy of the
ball at elevationh is its potential energy:

Einitial = mgh

wherem is the mass of the ball. At the top of the loop,
the energy of the ball is

Etop =
mv2

cm

2
+

Iω2

2
+ mg(2R) (3)

The first term is the kinetic energy of translation, the
second is the kinetic energy of rotation, and the last part
is the potential energy of the ball.

For smooth rolling, the center-of-mass velocity is re-
lated to the angular velocity of rotation:

vcm = ωR

Expressingω = vcm/R and plugging in the moment
of inertia for the solid sphere of massm and radiusr
(I = 2/5mr2) into Eq. (3), we get

Etop = mv2
cm

7

10
+ 2mgR

For smooth rolling, friction is negligible, so the energy
at the top is equal to the initial energy at elevationh:

mgh =
7

10
mgR + 2mgR =

27

10
mgR

where we used in Eq. (2) to expressv2
cm = gR. There-

fore,

h = 2.7R = 81 cm

(b) Similar logic applies to pointQ. Here, the normal
force is horizontal and nonzero, and it provides cen-
tripetal acceleration:

NQ = macp =
mv2

Q

R

We can findvQ similar to part (a) from energy conser-
vation. The energy atQ is

EQ =
7

10
mv2

Q + mgR

where the first component is the sum of translational
and rotational kinetic energies, and the second term is
the potential energy at pointQ. Again, energy conser-
vation requires

EQ = Einitial = mgh

and

mv2
Q =

10

7
mg(h − R) =

17

7
mgR

(usingh = 2.7R from part (a) ). Therefore, the hori-
zontal force at pointQ is

NQ =
17

7
mg = 1.7 N

4. (25 points) Beware of High Loads
It is well known that tractor trailers with a high center
of gravity are prone to tipping over on tight turns. Many
action movies have spectacular crash scenes involving
trailers (Terminator 2 scene with a liquid nitrogen tank
trailer comes immediately to mind). A typical trailer is
aboutw = 2.6 m wide (102”), and can be as tall as
14’ (4.2 m). Let’s look at a trailer loaded such that it’s
center of mass isycm = 2 m from ground and is cen-
tered horizontally (see picture). If the trailer turns left
too sharply, its left wheels may lift up, and the trailer
could overturn (see picture).
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(a) (15 points) Imagine trailer that follows a hori-
zontal road into a turn of radiusR = 40 m
(that’s about the minimum allowed radius for
low-speed urban highways). What is the maxi-
mum safe speed before the trailer is in danger of
tipping over ? Assume that the wheels never skid
(i.e. the static friction is sufficiently large).

(b) (5 points) Passenger cars usually have a low cen-
ter of mass, and if they turn too sharply, the
wheels skid before the car has a chance to over-
turn. If the coefficient of static friction between
the tires and the pavement isµ = 1, what is the
maximum speed for the passenger car before it
starts to skid in the turn of radiusR = 40 m ?

(c) (5 points) How low does the center of mass of
the trailer has to be so that the tires start to skid
in this turn before the trailer tips over? Assume
µ = 1.

y
cm

w
CoM

turn

4. Solution

This was the most difficult problem on the exam,
though the practice problem set should have prepared
you for it.
(a) This part is similar to the motorcycle problem from
the practice midterm. The maximum safe speed for the
trailer is when it is just about to start tilting to the
right. At this point, two things happen. First, the left
wheels start loosing contact with the ground, and there-
fore the normal and static friction forces applied to the
left wheels disappear:

Nleft = Ffr left = 0 .

Therefore, at the point of tipping, there are three forces
acting on the trailer: gravitymg, applied at the center
of mass, normal forceN, applied to the right wheels,

and friction forceFfr, also applied to the right wheels.
The friction force is directed into the turn (left), and it
is providing centripetal acceleration to the trailer:

Ffr = macp =
mv2

R
(4)

The normal force and the gravity are balanced, since the
truck is not accelerating vertically:

N = mg (5)

CoM

N

Ffr

mg

The second condition for tipping over is the net
torque applied to trailer becomes positive (rotates the
trailer in the clockwise direction). Let’s compute this
torque around the center-of-mass location (which is the
simplest case, since the gravity torque and the angular
acceleration about the center of mass are zero):

τ = Ffrycm − N
w

2

Plugging in Eq. (4) and Eq. (5), we can express the
torques through the velocity of the trailer:

τ =
mv2

R
ycm − mg

w

2
.

The condition for tipping isτ > 0. Therefore, we
can find the maximum velocity, above which the trailer
will tip:

vtip
max =

√

gR
w

2ycm

= 16 m/s = 36 mph

(b) For passenger cars, the maximum speed is deter-
mined by the maximum friction force. Static friction
force cannot exceed

Ffr,max = µN − µmg ,

therefore, the maximum velocity above which the car
would skid out of the turn, is determined by

acp,max =
v2
max

R
=

Ffr,max

m
= µg
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The maximum velocity is

vskid
max =

√

µgR = 20 m/s = 45 mph

Indeed, this speed is larger than the speed at which the
trailer would overturn.
(c) This part ties (a) and (b) together. We want to find
the location of the center of mass of the trailer such that
it would behave like a passenger car,i.e.skid instead of
tipping over. For this to happen, the velocityvskid

max has
to be smaller thanvtip

max. The inequality

vtip
max =

√

gR
w

2ycm

> vskid
max =

√

µgR

means that the center of mass has to be below

ycm <
w

2µ
= 1.3 m .

5. (15 points) A Lawn-Chair Pilot, and a Birthday
Girl

This problem has two (related) parts.
(a) (10 points) On July 2nd, 1982, Larry Walters, a
Southern California man, made national headlines af-
ter entering the airspace of the LAX airport in a Sears
lawn chair. Here is the excerpt from one article:

From The New York Times 3 July 1982
LONG BEACH, Calif, July 2 (AP)

A truck driver with 45 weather

balloons rigged to a lawn chair took

a 45-minute ride aloft to 16,000

feet today before he got cold, shot

some balloons out and crashed into a

power line, the police said.

"I know it sounds strange, but it’s

true," Lieut. Rod Mickelson said

after he stopped laughing. "The guy

just filled up the balloons with

helium, strapped on a parachute,

grabbed a BB gun and took off."

The man was identified as Larry

Walters, 33 years old, of North

Hollywood. He was not injured.

The Federal Aviation Administration

was not amused.

The density of air at the altitude of 16,000 feet is
approximately0.5 kg/m3, and the density of helium at
that altitude would be about0.1 kg/m3. We’ll assume

that Larry and his gear had the total mass of 100 kg.
Estimate the volume ofoneweather balloon.

(b) (5 points) A related question. A 20-kg toddler is
given 12 helium balloons for her birthday. Each latex
balloon is a sphere about a foot (30 cm) in diameter. Is
she in danger of flying off ? The density of air on the
ground is1.3 kg/m3, and the density of helium ground
level at is0.2 kg/m3.
(a) Mr. Walters leveled off at the elevation of 16,000 ft,
where his weight plus the weight of the helium inside
the balloons was fully supported by the buoyancy force:

mg + ρHegV = ρairgV (6)

which we can solve to find the total volume of all
weather balloons:

V =
m

ρair − ρHe

Mr. Walters had 45 balloons, so the volume of a single
balloon was

V0 =
V

45
=

1

45

m

ρair − ρHe

= 5.6 m3

(it means the balloons were approximately 1 m in radius
at that altitude, which is reasonable).

This problem did not state explicitly whether the
massm = 100 kg included the mass of the helium in
the balloons or not. And even though I wrote on the
board that it didnot, we will give full credit to the so-
lutions that did not include the weight of helium (term
ρHegV ) in Eq. (6).
(b) The buoyancy force generated by 12 helium bal-
loons is

Fb = ρairgV = ρairg12
4

3
πR3 = 2.2 N

which is equivalent to the weight of a220 g mass.
Clearly, a 20 kg girl is heavier than that, which means
the buoyancy force is not sufficient to lift her off the
ground (and we did not even include the weight of he-
lium). Hopefully, you know that from personal expe-
rience (if you were fortunate enough to receive a lot
of balloons in your childhood). Indeed, when you buy
helium balloons at a store, they would usually hang a
small weight to the cord, to keep the balloons from fly-
ing away. The weights are small: about 20 g weights
should be sufficient to hold these balloons down.


