Physics 123
Quizes and Examinations
Spring 2007
Porter Johnson

“Physics can only be learned by thinking, writing, and wargy”
-David Atkinson and Porter Johnson (2002)

“There is no royal road to geometry.”
-Euclid



Quizes: Spring 2007

1. PHYS 123 - 051 QUIZ 1 30 January 2007

The spool of dental floss is cylindrical, with a core of innadiusr; = 1cm
and an outer radius op = 5cm, which isH = 10cmin length. The dental
floss ist = 1 mmby w = 3 mmin cross-section, and it is tightly wound
around the spool from the inner radius to the outer radius.

Determine the lengtb of dental floss that is required, in meters.
Solution

The volume of dental floss may be calculated as the volumeeobther
cylinder of radius2 and lengthH, minus the volume of the inner cylinder
of radiusr; and heightH:

Viloss= TI3H — Tr2H = 11(r3 — r?)H = (5% — 1%)10cnt = 240rcn?

It may also be calculated as the cross-sectional area ofdse rihultiplied
by its length:

Viloss=txwx D = (0.1cm) x (0.3cm) x D

These two volumes must be the same, so that

0.03D = 240
D = 8000tcm~ 25000cm= 250m

How long will this dental floss last?

2. PHYS 123 - 052 QUIZ 1 01 February 2007

A startled armadillo leaps upward, risifly = 0.6 meters in the firdy = 0.2
seconds.

e What is its initial speedy as it leaves the ground?
e What is its speed; at the height of 0.6 meters?
e How much highefy) does it go?



e How long (T) does it stay in the air?

Solution
The heightH; at timety is expressed in terms of as

1
Hi1 = vot; — égtf
So thatvg can be determined:
06 = 0.2vg—5x(0.2)?
06 = 02vw-02
Vo = 4m/s
The velocityv; at heightH is given by
Vi = Vo—0ty
= 4-10x0.2
2m/s

The additional heighy to which it climbs can be determined from the rela-
tion

Vtzop = V%_Zgy
0 = 22-2x10xy
y = 0.2m

The total timeT that the armadillo is in the air is the (hon-trivial) solutio
of the equation

1
0=voT — égT2



That is,

2 2x4
o _2x

a =10 =0.8sec

How long can a person stay in the air? Why is it that many noingdly
creatures can remain aloft for about the same amount of time?

. PHYS 123 - 051 QUIZ 2 13 February 2007
The following two vectors are given:

= 2i+2]+k
= i—2]+2k

o >

e Determine the scalar produét B.
e Determine the vector produétx B.
e Determine the angle between the vect@ndB.

Solution
The scalar product is expressed in terms of components as

A-B=AB+ABy+AB, = (2)(1) +(2)(-2) +(1)(2) =0

Since the scalar product vanishes, the angle between theryéx 90.
The vector product is

—_

AxB= — 6l — 3] — 6k

N b =

{
2
—2

=N

As a consistency check, note that = 3, |B| = 3, and|/A x B| = 9, so that

IAxB| = |A||B|sin®
9 = (3)(3)sind
sine = 1

B = 9



4. PHYS 123 - 052 QUIZ 2 15 February 2007
Along jumper leaves (level) ground at a speetipf 10 meters per second.

¢ What is the maximum distand® that the jumper will travel before
returning to the ground?

e Under those conditions, determine the time of flighand the maxi-
mum heightH reached by the jumper.
Note you may treat the jumper as a “point mass”, and tgke10m/s?.
Solution

Let the launch angle b§. The horizontal and vertical components of ve-
locity are, respectively,

Vox = VpcosB
Voy = VosSind
If the jumper takes off at timé= 0 from positionsx = 0 andy = 0, the

positions at time are

X = Vpcosot

. 1
y = vosmet—égt2

The timeT at which the jumper returns to the ground is obtained byrsgtti
y(T) =0, so that

. 1
VosineT = égT2
2VpSsind o

g

The distance traveled, is given by

V2 V2
D = voxT = 50 (2sin@ cos8) = 50 sin29



The distancéd depends upon the launch an@leThe greatest distance is
obtained by setting

sin26 = 1
20 = 9oQ°
0 = 4%°

The maximum distance is

v 102
D=2=""=10m
g 10
The maximum height reached is

=25m

1 1 vpsin® 12
H=29g(T/2?%=2Z 2--20

50(T/2)% = 30(= )" = 5
Both these numbers exceed the world record for high jurp-(2.45m) as
well as long jump D = 8.95m).

. PHYS 123 - 051 QUIZ 3 27 February 2007

A lamp hangs vertically down from a light cord attached tod¢b#ing of an
elevator.

e When the elevator is descending, and decelerating at 3 th&2, is a
tension of 80 N in the cord. What is the mass of the lamp?

e While still descending, the elevator begins to acceleratd m/s2.
What is the tension in the cord in that case?

Solution

Take the positive direction to be downward. The accelemaiighe elevator
isa= —3m/sed. If mis the mass of the lamp, the net force acting on it
is F = ma The two forces on the lamp are its weidlt= mg(downward)
and the tensioif = —80N (upward). Thus



mg—T = ma

m(g—a) = 80
m(10—(—3)) = 80
80

For the second part of the problesd = +3 m/s, so that

mg—T' = md
mg-&) = T
T/ = m(10-3)=6.2(7) = 43N

. PHYS 123 - 052 Quiz 3 01 March 2007

An old streetcar rounds a flat corner of radius 10 meters a¢edspf 8 me-
ters/second. What angle with the vertical will be made byhthed straps,
which hang loosely?

Solution

For simplicity we assume that the straps consist of a massteag, with a
massm at its bottom. The forces acting on the mass are its wéght mg
(downward) and the tension in the strifig acting along the string at an
angle® to the vertical. The net vertical component of force on thessna
must vanish, whereas the net horizontal force on it must baléq its mass
multiplied by the centripetal acceleration. Thus

mg = Tcoso
mV2 .
=T
R sin®
Taking the ratio, we obtain
V2 82
tan = — = =0.64
4= Rg~ 10.10

The angle i = 32°. This is a rather sharp turn!



7. PHYS 123 - 051 Quiz 4 20 March 2007

A fully loaded, slow-moving, freight elevator cab has a totass ofrm =
1500kg. It is must move upward bia = 60 meters iMAt = 2.0 minutes,
starting and ending at rest. The mass of the elevator coueignt is only
mp = 1000kg, so that the elevator motor must help in the ascent.

What average poweP (in Watts) is required of the force that the motor
exerts on the cab by means of the cable?

Solution

The change (an increase) in the gravitational potentigh@fenergy of the
elevator cab is

AE; =my g h=1500-10-60=9x 10° J

The change (a decrease) in gravitational potential enefdlieocounter-
weight is

AEp = —mp g h=—1000-10-60= —6 x 10° J
The net change in gravitational potential energy is

AE =AFE —AE, =3x10°J

The energy must be provided by the elevator motor, over agéti= 120
seconds. Thus, the power provided by the motor is

_AE 3x10°)

A _m:2.5x103W:2.5kW

P

Since one horsepower is approximately 750 Watts, the motst provide
energy at the rate of about33HP.

Elevators are rated according to the “maximum load” thay tben carry,
according to the maximum power that can be provided by therdyimotor
at a certain speed. Roughly speaking, the mass of the caweiggt should
match the mass of the elevator plus its “average” load.



8. PHYS 123 - 052 Quiz 4 22 March 2007

You push aimm = 5.0 kg block against a light horizontal spring, compressing
that spring against a wall by= 20cm Then you release the block, and the
spring sends it across a tabletop. It stopslat 80 cm from where you
released it. The spring constant is 390m.

What is the coefficient of kinetic frictiopk between the block and the table?
Solution

All of the potential energy stored in the spring is given te tiock during
the release:

1 300x (0.2)?
= k="
£=5 2

=6J
This energy is all dissipated as the block slides across ¢loe. fWhen a

kinetic friction force fx acts over a distanah the dissipated energy iz d,
so that

fid =
f((0.8) = 6
fe = 7.5N

The normal force of the block on the bable is equal in mageittadits
weight;N = mg=5-10=50N. Thus, the coefficient of kinetic friction is

fk 7.5
M = N =50 =0.15

9. PHYS 123 - 051 QUIZ 5 03 April 2007

An object of massn= 3 kgis initially moving with a speed ofp = 8 meters
per second in the-x-direction. It has an elastic collision with an object of
massM, which is initially at rest. After the collision the object massM
has a speed &f = 6 meters per second, also in the-direction.

e Determine the mass M.



10.

Solution
The momentum (horizontal) and energy are both conservetiaso

my = mv+MV
1 1 1
“mg = —mP+=MV?
2 % 2 + 2
We solve the first equation for

M
v:vo—av

We substitute this into the second equation to obtain

M \2 M
V% = <V0——V> +—V2
m m

%(ZVVO—VZ) = <M)2v2

m
M 2p-V 2.8-6 5
m v 6 3

Thus,M =5kg.

PHYS 123 - 052 QUIZ 5 05 April 2007

An M = 4000kg block falls vertically throughh = 12 meters, and then
collides with a am = 500kg pile, driving it x = 20cminto solid ground,
before the block comes to rest on top of the pile.

Determine the average foréeon the pile by the solid ground. during its
collision with the block.

Note: consider the collision between the block and the pileetcompletely
inelastic.

Solution

The speed of the block before the collision with the pile 1&giby equating
its initial gravitational potential energy to its kinetio@rgy just before the
collision:



%MVZ = Mgh

V = /2gh=/2-10-40=v/240= 155m/sec

During the completely inelastic collision between the kland the pile, the
momentum is conserved:

M+mV' = MV

M 400
Vl —= V: 1 . :1 . m
Mm 250 55=138m/sec

The kinetic energy after the collision equals the work dogerest friction

1
Fx = é(|\/|+m)v'2

F(0.2) = %(450)(13.8)2:4.0><105J
F = 20x10°N

11. PHYS 123 - 051 QUIZ 6 17 April 2007

A thin uniform rod of lengthY = 2 meters and masa = 0.1 kg is pivoted
about a horizontal, frictionless pin put through one endks teleased at an
angle® = 60° above the horizontal. Use energy conservation to determine
the speed of the moving end of the rod as it passes through the horikzonta
position.

Solution

The initial potential energy of the rod e g h whereh = /sin6/2 is the
height of its center of mass above the pivoted end. As it ssvihgpugh the
horizontal position, its kinetic energy 6= 1/21 ¥, wherewis its angular
velocity at that instant, and is the moment of inertia of the rod about its
pivot point. We divide the rod into infinitesimal slices of¢knessdx and
massdm= m dx/¢. The moment of inertia of the rod about its end is



12.

¢ omdx m ¢ m 3 me?
/X 0 X 1) T T3 T3

Because of conservation of energy we obtain

1 1 11,
Emg€s|n60)_il of_éémﬁ W’

Thus

o = 339 _56.5-13
2 /
w = 3.6rad/sec

The speed at the moving endMs=- w /¢ =7.2m/s.

PHYS 123 - 052 QUIZ 6 19 April 2007

A bowler throws a bowling ball of radiu® = 10cmalong a horizontal lane
at an initial speedip = 8 m/s. The ball slides along the lane with initial
angular velocitywy = 0. The coefficient of kinetic friction between the ball
and the lane ig, = 0.2 This kinetic friction force produces a torque on the
ball, resulting in an angular acceleration of the ball. Wttenlinear speed
v and angular velocityw satisfyv = w R, the ball begins rolling without

slipping.

Note The moment of inertia of the ball about its center is 2m R2/5.
What is the linear speadof the ball when it begins to roll without slipping?
How far (D) does the ball travel before it begins to roll without slipg?
Solution

There are three forces: the weiginy downward, the normal forchl =
mg upward, the friction forcefy =  mg (left), opposite the direction of
motion. The net force is equal to the friction force. Thug, tomponent of
acceleration in the direction of motionas= — g. The friction force also
produces a (clockwise) torque about the center of the baH:fyR. Thus,



there is an angular acceleratian=t/I = 5 /2 mR. The velocityv and
angular velocityw at timet are

V. = Vo— kgt
B _ SmgtR
W = at=—

We setv = wR to determine the time at which slippage stops:

5 t
5
Vo = [ng—%}t
g8 — {O.Z-lO—M}t=7t
t = 114sec
The velocity at this time is
v=Vp—2-114=57m/s
The distance traveled is
Vo+V 137
d= t=—-114=78m
2 2

After this point, the ball begins to roll without slippingypically, a bowl-
ing ball “hooks” at this point, because of the initial spiven to it by the
bowler. For the best shots a right-handed player shouldhéilt+ 3 pocket,
to compensate for this spin.

13. PHYS 123 - 051 QUIZ 7 24 April 2007

A uniform ladder of lengtiL = 10 meters has a mass= 40 kilograms.
It is leaned against a frictionless vertical wall at an arfjte the vertical,
while being supported at its base on a horizontal surface.cbefficient of
static friction between the ladder and the horizontal sigriaps = 0.15.



14.

Determine the maximum tilt angle at which the ladder can be in static
equilibrium.

Solution

The forceF produced by the wall on the ladder is out of the wall, whereas
the static frictionfs at the base is toward the wall. The weigttis down-

ward at the center of the ladder, whereas the normal fNragthe base of
the ladder is upward. For equilibriuf,= fsandN =W =mg

We also require that the net torque about the base of ther#ldero. The
normal forceN and static frictionfs produce no torque at this point. The
force F produces a torque that would cause the ladder to rotate away f
the wall, whereas the weight produces a torque to causeaotaivard the
wall. We obtain

L .
FLcosO = mgésme

mg
F = —tan®6
2

For the critical casds = N, so that
m79 tan® = mg
tan6 = 2us=0.3
6 = 17

PHYS 123 - 052 QUIZ 7 26 April 2007

One end of a uniform beam of mass= 20 kilograms and length = 1
meter is attached to a wall with a hinge. The beam hangs atgia@a 30°
below the horizontal direction. The other end of the beanuppsrted by
a light wire, which is attached to the wall above the beam. Wiine makes
an anglep = 30° with the vertical direction.

e Find the tensiol in the wire.

e What are the horizontdll and verticaM components of the force at
the hinge?

Solution



PHYS 123 - 051/052 TEST 1 19 February 2007

1. [20 points] A villain in a car is traveling at 30 meters pecsnd on a
straight, horizontal road. He fires a projectile at a launoéesl of 50 me-
ters per second relative to the car, in the plane determigetidvertical
direction and the direction of the path of the car. A hero ditagy nearby
observes the projectile to travel straight up.

e What was the launch angle (relative to the direction of the aa
viewed by the villain?

e What height does the projectile attain?

e How far ahead of the projectile is the villain’s car when thejectile
hits the ground?

Solution

The initial velocity of the projectile with respect to theefioic) observer
Vpo is the sum of the velocity of the projectile relative to the g and the
velocity of the car relative to the obserwgp. That is,

Voo = Vpc + Voo = 50(cosBi + sind)) + 301 = (50 cos + 30)i +50sing |

Since the horizontal component¥y, is zero, we have

50c09H+30 = O
cosh = —-0.6
0 = 123

The initial vertical speed of the projectile relative to thleserver is thus
Vyo = 50codh =40m/s.

The projectile travels upward to a height= v,/(2g) = 40?/20 = 80m,
The projectile stays in the air for a tinffe= 2vgy/g = 8 sec The villain’s
car travels a distance of 3/secx 8 sec= 240m during this time.

2. [20 points] A rifle is aimed horizontally at a target 50 mstaway. The
bullet hits the target émbelow the aiming point.



e What is the time of flight of the bullet?
e What is the speed of the bullet as it emerges from the rifle?

Solution
The vertical distance fallen by the bullet at titnis given by

_ 902

Thus 004m = 5m/seét?, ort?> = 0.008sed, ort = .089sec

The bullet travels a horizontal distante= 50 m in this time, so that its
horizontal speed is

L 50
Vy = T~ 0089" 560m/s

. [20 points] A boy whirls a stone attached to a string abagehkad in a
circle of radius 1 meter lying in a horizontal plane, at a heigf 2 meters
above ground level. The string breaks, and the stone fliga afhorizontal
direction. The stone strikes the ground after traveling izbatal distance
of 30m.

e What is the initial speed of the stone?
e What is the centripetal acceleration of the stone in theutargath?
e What is the period of motion of the stone in the circular path?

Solution
The stone falls a distange= 2 min a timet, so that

_9.>

10 ,
=
2
t2 = 04
t = 0.63sec

2



It travels a horizontal distande = €0 m during this time, so that its hori-
zontal speed is

Vo=-—=—=-=47m/s

L 30
t 063

The period of motion around a circular path of radRis- 1 m at this speed
is

2R 6.28
T=—=——=01
Vo 17 0.13sec

The centripetal acceleration is

\Y; 7
a=p=—1= 2250m/s?

. [20 points] Two rocks are dropped from the top of a tall ¢ at the same
point, one second apart.

e Determine the time after the first rock is dropped, at whighribcks
are 10 meters apart.

e Determine the distances fallen by each rock at this time.

Solution
The first rock falls for a time, traveling downward by a distance

D = 1/2gt?
The second rock falls for a tinte- 1, travelling downward by a distance
D, = 1/2g(t — 1)?

SinceD; = D, + 10, we have



g g
ét2 = é(t—1)2+10
5t2 = 5(t—1)2+10
0 = —10+5+10
106 = 15
t = 1l5sec

The distances traveled a®; = 5(1.5)% = 11.25m and D, = 5(.5)% =
1.25m.

. [20 points] An explorer is caught in a blizzard in which sfa@not distin-
guish the ground from the sky, while returning to camp. Shetihtended
to travel due North for &m, but instead has traveledk8n at 3¢° East of
North. How far, and in what direction, must she now traveléaah base
camp?

Solution
The vector from the original location to the camp is

R=01+6]
Whereas the vector corresponding to the original travel is
Ry = (8sin3@)i + (8cos306)j = 4i +6.92]
She must travel alongs, whereR = R; + Ry, so that
Ry =R—R; = 6] — (41+6.92]) = —4i — 0.92]

The path length is 4 km and the direction is P3South of West.

. [Extra Credit; 10 points] A human heart pumps blood at tite of about
100 cubic centimeters per second. The total blood volumédiiers.

e How long does it take for the blood to complete one trip thiotige
circulatory system?



¢ If the average path length for circulation is about 3 metehsgt is the
average speed of blood in the body?

Solution

The rate of blood flow is 10@8nP°sec, and the total volume of blood is
6000cn?. Thus, the average time of circulation is

6000cn?

= ——>— ==060sec
100cm?/sec S

The average speed of blood flow is

Ve 3m
8™ 60sec

PHYS 123 - 051/052 TEST 2 02 April 2007

=0.05m/s

1. [20 points] A 02 kg hockey puck has a velocity of 3 meters per second
toward the East as it slides across the frictionless hota&enrface of an ice
rink. A player strikes the puck with his hockey stick, cagsirto change its
velocity to 4 meters per second, to the South. The time iatdor contact
of the stick with the puck is @ seconds. Assume that the applied force is
constant in magnitude and direction over this time interval

e What is the magnitude and direction of the force on the pugiieg
by the hockey stick?

Solution
The initial momentum of the hockey puck f = (0.2)3( = 0.6/, and its

final momentum i = —(0.2)4) = —0.8]. Its change in momentum is
Ap=ps — P = —0.6 —0.8]
The average force acting on the puck is

. Ap -061-08] . _ .
Favg = AN o4 —1.5—-2.0j
The average force is of magnitudé2, acting at 233 to the positivex-

axis. In other words, it is 33South of West.



2. [20 points] Anm= 70 kilogram crate is dragged across a floor by pulling on
a rope attached to the crate, which is inclined at an angbe-e20° above
the horizontal.

e If the coefficient of static friction igis = 0.5, what is the minimum
magnitude on the forc& on the rope required to set the crate into
motion?

¢ If the coefficient of kinetic friction igy = 0.3, what is the magnitude
of the initial acceleratiora of the block, with the minimum forc&
applied?

Solution

The forces acting on the block are its weighgfdownward), the normal
force N (upward), the static friction forcés to the left, and the applied
forceT to the right and upward. We set the net force equal to zero:

N = mg-Tsinb
fs = Tcosd

In the critical casds = UsN, so that

TcosB = ps[mg— T sind]
T[cos2@ —0.5sin20] = 0.5-70-10= 350
350

When the block moves, we have kinetic friction, so that

ma = F=Tcos8—0.3(mg— TsinB)
70a = (315(0.92) —0.3(700—315-0.34) =115
a = 1.65m/s?



3. [20 points] Anm= 200 gram block is dropped onto a relaxed light vertical
pan balance spring of spring const&nt 300N/m. The block becomes
attached to the spring, and compresses the springH20cmbefore stop-
ping momentarily.

e From what heighh above the spring was the block initially dropped?
e What was the speed of the block when it made impact with the
spring?
Solution

The block falls a distanch + x, and loses gravitational potential energy
mg(h+Xx), compressing the spring a distanc@and storing potential energy
kX%/2 in the spring. Thus

mgh+x) = %kx2

kx? 300 (0.2)?
_ X 2O h5_30-02-28
omg ~ 2.02-10 m

The speed of the block when it hits the spring is given by

%mv2 = mgh
VvV = 2gh=2-10-2.8=56
v = 75m/s

4. [20 points] A factory worker accidentally releasesmas- 200kg crate that
was being held at rest at the top of a ramp that is 3 meters long, and
inclined at® = 3(° to the horizontal. The coefficient of kinetic friction
between the crate and the rampis= 0.2. The crate continues to move on
a horizontal floor, with the same coefficient of kinetic fioet.

e How fastvis the crate moving when it reaches the bottom of the ramp?

e After reaching the bottom of the ramp, how fadoes the crate slide
across the horizontal floor?



Solution

The gravitational potential energy decreases by an ammght mgdsin®.
This equals the sum of the kinetic energy of the objaut/2, and the en-
ergy lost to friction,fd = KNd = pmgdcoso:

%mVZJrukmgdcose = mgdsin®
V2 = 2gd(sin3C — p cos 30)
v = 2.10-3(0.5-0.2-0.87) =20
v = 45m/s

The distance traveled across the floor is given by equatmgitietic energy
of the crate at the bottom with the energy lost to friction ba horizontal
floor:

wmg = %mv2

v 20
2ug 2-02-10

5m

. [20 points] A projectile of mass = 500 kilograms is initially moving hor-
izontally at a speed of 300 meters per second, at a height db@éters
above the earth’s surface. A sudden explosion separatés itwo compo-
nents, of massm = 400 kilograms anan, = 100 kilograms, respectively.
The 400kg fragment falls straight downward, starting from rest jusér
the collision, as seen by an observer at rest on the ground.

What is the initial velocity, of the 100kg fragment?

How longt does it take the 10Kg fragment to strike the ground?
e What is the velocity of the 100kg fragment when it hits the ground?
e How far ¢ from the 40(kg fragment does the 10@ fragment land?

Solution
Momentum is conserved during the explosion, so that



(500)(300) = 100v
v = 1500m/s

The time it takes for each fragment to hit the ground is given b

1
h= = Zqt?
>t
2h 2.2
2 = == OOO:400
g 10
t = 20sec

The small fragment of the rocket thus travels a horizontstiadtice
d = vt = 1500m/s- 20sec= 30,000m = 30km

Its vertical velocity when it hits the groundvg = —gt = —200m/s, so that
its velocity is

A

Vv = (15001 — 200j) m/s

The speed is 1510/s, at an angle of about’®elow the horizontal.

6. [Extra Credit; 10 points] A circular curve of highway issiigned for traffic
moving atv = 50 kilometers per hour. The radius of the curvdis- 100
meters. Neglect air resistance and “sideways friction™?

e What is the proper banking angle for traffic at this speed?

Solution

The only forces acting on the car are its weight= —mgj, downward, and
the normal forceN = NcosBj —Nsin6 1, at an angle to the vertical and
into the curve. The net force must Be= —i mv?/R

The speed of the car is



1.0m/s

=50km/hr x —————— =14m
v="50kmy ><3.6km/hr /s
The force components are thus
Ncos®H = mg
Nsin@ = mv/R
Taking their ratio, we get
2 2
% 14
tand = — = =0.2
g 100-10

The proper banking angle is th@s 11°.

PHYS 123 - 051/052 Final Examination 07 May 2007

1. [25 points] A railroad flatcar is loaded with crates thatdnaoefficient of
static frictionps = 0.1 with the floor. If the train is initially moving with
speedvg = 40 meters per second, what is the shortest dist@Bnicewhich
the train can be stopped, without having the crates to shdée floor?

Solution

The forces acting on a crate are its weighit= m g (downward), a normal
force N from the flatcar (upward), and a static friction for&e— opposite
to the (positive) direction of motion. The weight and themal force are
equal in magnitude and opposite in direction. They cancel the net force

is that of static friction.

fS:Fnet:ma

In the static case, the static friction force must obey thestraint

|fs] <HsN=psm g



For the critical case just before it slips, we have

fs = —psmg=ma
a = —lPsg~—1m/s

For this uniform acceleration, the initial velocity, the final velocityv = 0,
the acceleration, and the distancB traveled are related by the formula

V=V5+2aD

Thus

— (40242x(-1)xD

= @zSOOm

Note: The speed is about #bph and the corresponding distance is about
half a mile. It typically takes a comparable distance forst-faoving train
to stop at that speed.

distance is about half a mile, and the
. [25 points] An automobile is traveling 8§ = 30 meters per second, when
the driver applies the brakes, bringing it to resTie- 8 seconds. The radius

of a wheel isr = 40cm Assume that the deceleration is constant, and that
the wheels do not slip on the road.

e Determine the decelerationa of the automobile.
e Determine the distand@ traveled by the auto during deceleration.

e Determine the number of revolutiohsmade by the wheel during the
deceleration.

Solution
The distance traveled by the auto satisfies the relation



Vo + Vi

D = T
2
I

Let us determine the acceleration from the formyla= vp +a T:

Vi = Vvp+aT
0 = 30+8a
15
a = —Z:—:«;.75m/s,2

The number of revolutions by the tire can be obtained:

D 120

=——=—=47"7rev
2R 1 0.8

. [25 points] In a football game, a defensive player of mdss 120kg runs
directly toward the ball carrier & = 7 meters per second. The ball carrier
has a mass ah= 80kg, and a speetd = 9 meters per second, directly at
the defensive player. They undergo a perfectly inelasticsaan.

e Determine their final speed , just after the collision.
e How much mechanical energyE is lost in the collision?

Solution

The ball carrier moves in thex direction and has positive momentym-=
mv, whereas the defensive player moves intixadirection with momentum
P = —MV. After the collision they move with a common speédand
have momentun®s = (M +m) V;. Since momentum is conserved in the
collision, we have

mv—-MV = (M+m)V;
80-9—120-7 = (120+80) Vs
720—840= —-120 = 200V;
Vi = —-0.6m/s



The total initial kinetic energy of the two players is

Ki = % m V2 + %M V2= %SOX 81+% 120x 49 = 3240+ 2940= 6180J

The final kinetic energy is

1 1
Ki=S(M+m) VZ = 5200x 0.36=36J

As a consequence, a total of 6136 converted into thermal energy.

. [25 points] A girl of massn = 50kg sits on a merry-go-round (carousel)
of radiusR = 10m. She does not hold on, and sits facing outward. The
tangential speed of the merry-go-round is steadily in@e#s a valueyr =

4 m/s, at which point the girl slides off. Determine the coeffidief static
friction s between the girl and the merry-go-round.

Solution
The following forces act on the girl:

e Her weightw=m g= 500N, down
e The normal forcen of the platform pushing on the girl, upward
e Static Frictionfs, tangent to the edge of the platform

The net force is the same as the static friction force, whiclstract toward
the center of the platform. Thus, for the critical case,

m
fS:ma:?:SON

The coefficient of static friction is

f
Us = S,:I“axz 0.16

. [25 points] A hollow ball of mass m and radius R (with a motn&frinertia
about the center of mass= 2mR2/3) rolls without slipping up an plane that
is inclined at an angl® to the horizontal. At the beginning of the inclined



plane its translational speedvs Determine the height to which the ball
travels before coming to rest on the inclined plane.

Solution

The ball ends with gravitational potential enemgyg H relative to the bot-
tom of its path. That energy is equal to the kinetic energy ofiom of the
ball at the bottom, since kinetic friction is absent, andimgl friction is a
form of static friction. The kinetic energy can be writtenthe sum of the
translational kinetic energy of the center of mass and ttegiomal kinetic
energy about the center of mass:

MgH = Kians+ Krot

1 1
= 5 m ng+ > Icmwgm

Because the ball rolls without slipping, the translatisp®ed and rotational
angular speed are related by the formula = wem R, so that

1 1 2 v2
H = Sm, R x <
mg 2 +2 3m x —<m

1 1

= Zm\’gm+3m\’(2:m ng

As a consequence

_5v2
=53

. [25 points] A bullet of mass afn = 25 grams is fired into a ballistic pen-
dulum of masdM = 1 kg, made of wood. The wood pendulum, with the
bullet embedded in it, swings and comes momentarily to rtesh altitude

H = 25cm above its initial location. What is the initial speeg of the
bullet?

Solution

The initial collision between the bullet and block is contplg inelastic, so
that we may use momentum conservation to relgt® v;, the speed of the
bullet-block system just after the collision:



(m+M)vi=mw

The corresponding kinetic energy of the bullet-block sysjast after the
collision is

K= %(m+|v|)v§

The increase in gravitational potential energy when thelpkrm has swung
to a heightH (where it comes to rest) is equal to that energy:

2 (M M) ¥ = (m+ M) gH

Thus

vZ = 2gH=2(10)(0.25) =5
vi = 224m/s

and

m+M
Vo = % (2.24) = 92m/sec

. [Extra Credit; 10 points] A spherically symmetric asidrbas a masM =

4 % 10° kilograms and radiuR = 1 km Determine the minimum rotational
period, if a person of maga= 60kg can stand at rest upon its surface at its
equator.

Solution

The gravitational force on the person standing on the astesigiven through
Newton’s Law of Universal Gravitation. It acts toward thentr of the as-
teroid, with magnitude

_GMm

F RZ



The only other force, the contact forbeof the asteroid on the body, acts
radially outward. Thus, the net (radially outward) forcélis F. According

to Newton’s Second Law, that force must be equal to the maisgeqferson
times the centripedal (inward) acceleration:

m
N—F:ma:—?\%:—msz

wherevt = wR. For the critical case, the contact force must vanish, and

GMm

o = mw? R
GM 667x1611.4x10° rad
2 5
R3 10° % sec
21 day
T = - =385x 10° sec 8640080~ A45days



