Physics 123
Quizes and Examinations
Spring 2002
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 2002

1. PHYS 103 - 001 QUIZ 1 05 February 2002

An engineer standing on a bridge throws a penny straight tp avspeed
of vp = 20 meters/second, from a height= 100 meters above the water.
[Neglect air resistance.]

e What is the speed of the penny when it hits the water below?
e How long does it take the penny to hit the water?

Solution
The final speed can be calculated from the relation

V2 = V3+2gh
= 207+ 2(10))100= 2400
v = 49m/s

The time of travel can be calculated from the relation

h = Vot—l—%g'[2
5t2—20t = 100
t2—4-20 = 0
t = 2++v24=6.9sec

We have chosen the positive square root in the last relagiong the time
of travel must be positive.

Alternatively, we may calculate the travel tih&om the relation

V+4+\Vp

h = t
2

100 = 145t

t = 6.9sec



2. PHYS 123 - 002 QUIZ 1 05 February 2002

An engineer standing on a bridge throws a penny straight adattna speed
of 20 meters/second, from a height of 100 meters above thervwhleglect
air resistance.]

e What is the speed of the penny when it his the water below?
e How long does it take the penny to hit the water?

Solution
The final speed can be calculated from the relation

V2 = V3+2gh
— 20%+2(10))100= 2400
v = 49m/s

The time of travel can be calculated from the relation

1
h = vot+ =gt?
Vo+29

524206 = —100
t24+4t4+20 = 0
t = —24++24=29sec

We have chosen the positive square root in the last relagione the time
of travel must be positive.

Alternatively, we may calculate the travel tih&om the relation

V+4+\Vp
h = t
2
100 = 395t
t = 29sec

3. PHYS 123 - 001 QUIZ 2 19 February 2002

A rock, thrown out of the open window of a building that is 10@ters
above the (level) ground, is given an initial speed of 30 msgber second,
traveling horizontally. [You make takg= 10m/seé, if you wish.]



e Draw a diagram showing the trajectory of the rock from itsnictu
point to the ground.

e What is the (vector) velocity of the rock when it hits the gnd@
e How long (in seconds) does it take the rock to hit the ground?

Solution

The trajectory or the rock is parabolic, starting out homiztly at the win-
dow and becoming concave downward.

The codrdinates of the rock at tinhare

1 5
y = O—EQt
X = Vot

At the time of flight, we obtain-100= —5t2, ort = v/20= 4.4sec The
horizontal position at which the rock strikes the ground4svot = (30)4.4 =
130m.

The velocity components of the rock when it strikes the gcbare

w = —gt=-44m/s
W = v+0=30m/s

The rock thus strikes the ground at a speed of34, at an angle of below
the horizontal.

. PHYS 123 - 002 QUIZ 2 21 February 2002

A rock, thrown out of the open window of a building that is higihove the
(level) ground, is given an initial speed of 30 meters peosdg¢traveling
horizontally. It hits the ground 3.0 seconds after the ld@wifgou make take
g=10m/seé, if you wish.]

e Draw a diagram showing the trajectory of the rock from itsnieiu
point to the ground.

e What is the (vector) velocity of the rock when it hits the gnd@



e From what height (in meters) was the rock launched?

Solution

The trajectory or the rock is parabolic, starting out honizatly at the win-
dow and becoming concave downward.

In atimet = 3 se¢ the rock travels a horizontal distance- wt = 30-3 =
90m, and a vertical distande= 1/2gt? = 5(3)%> = 45m.

The velocity components when it strikes the groundare- 30 m/s and
vy = 10-3=30m/s. It thus moves with a speed of 42/s, at an angle 45
below the horizontal.

. PHYS 123 - 001 QUIZ 3 05 March 2002

A smaller box of massn is placed on top of a larger box of mass,
which, in turn, is placed on a frictionless table, as showhe €oefficient
of static friction of the smaller box on the rough surfacensstn the two
boxes is given bys. A horizontal forceF is applied to the top box.

e Draw a diagram showing all the forces acting on each box.

e Determine the acceleration of the bottom box, assumingtkieatop
box does not slip on the surface of the bottom box.

¢ In terms of the parametenrs;, my, Us, andg, determine the maximum
forceF that be applied before the top box slips.

Solution

The forces on the top block are its weighitg (downward), the normal force
from the second block; = mg(upward), the applied force (to the right),
and static frictionfs (to the left).

The vertical forces on the bottom block are its weigipig (downward),
the normal force from the top blod¥; = Mg (downward), and the normal
force from the tabléN, = (m; + mp)g (upward). In addition, there is static
friction from the upper blocKs to the right.

We apply Newton’s second law to the horizontal motions t@wobt

fs = mpa



Thus,F = (M +mp)a, ora=F/(m + mp).
Consequently, for the critical cask,= psmig = mpa, so thata = psgm /m.
The maximum applied force I8 = psg(my + mp)my /my.

. PHYS 123 - 002 QUIZ 3 05 March 2002

A smaller box of massy, is placed on top of a larger box of mass, which,
in turn, is placed on a frictionless table. The coefficienstatic friction of
the smaller box on the rough surface between the two boxagaa gy s.
A horizontal forceF to the right is applied to the bottom box.

e Draw a diagram showing all the forces acting on each box.

e Determine the acceleration of the bottom box, assumingtkieatop
box does not slip on the surface of the bottom box.

¢ In terms of the parametens;, my, s, andg, determine the maximum
forceF that be applied before the top box slips.

Solution

The forces on the top block are its weighitg (downward), the normal force
from the second blockl; = mg(upward), and static frictioris (to right).

The vertical forces on the bottom block are its weigipig (downward),
the normal force from the top blod%; = mg (downward), and the normal
force from the tabléN, = (m; + mp)g (upward). In addition, there is static
friction from the upper blocks to the left, and the applied forde to the
right.

We apply Newton’s second law to the horizontal motions t@wobt

fs - mla
F-fs = ma

Thus,F = (M +mp)a, ora=F/(m + mp).
Consequently, for the critical cask,= Us'mg = My a, so thata = Jsg.
The maximum applied force B = ps(m + mp)g.



7. PHYS 123 - 001 QUIZ 4 28 March 2002

An m= 10kg block is released from rest onBa= 3(° frictionless incline.
Below the block on the incline there is a spring, which can &®pgressed
by 2.0 cmby a force of 200 Newtons. The block stops momentarily after i
compresses the sprng dy= 6.0cm

e How far does the block move up the incline from its initialtnessition
to this stopping point?
e What is the speed of the block just as it touches the spring?

Solution

The spring constant is= 200/(0.05) = 10* N/m. If the ball slides a dis-
tance/ before coming to the spring, then it follows from consematof
mechanical energy that

0 = %kdz— mo(¢ +d) sing

10(10) (£+0.06)% = %(104)(0.06)2

50(¢+0.06) = 18
¢ = 0.30m

According to energy conservation, the speed of the blockwhtuches
the spring is

%m\F = mg/sin®

Vo= 2(10)(0.3)%:3.0
v = 17m/s

8. PHYS 123 - 002 QUIZ 4 28 March 2002

An m = 10kg block is launched up 8 = 3( frictionless incline, using a
spring that is compressed a distancexef 10cm The spring can be com-
pressed by D cmby a force of 200 Newtons. The block stops momentarily
after it travels some distance up the incline.



e How far does the block move up the incline from its initialtnessition
to this stopping point?

e What is the speed of the block just after it leaves the spring?

Solution

The spring constant is= 200/(0.01) = 2 x 10* N/m. We use conservation
of mechanical energy to determine the distafiti@ the block goes beyond
the string:

1 .
ékx2+0+0 = 04 0+mg sind

%(2><104)(0.1)2 = (10)(10)5%
100 = 50¢
{ = 2m

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

1 1
vV = (2x10%(0.1)?/10=20
V- 45m/s

. PHYS 123 - 001 QUIZ 5 09 April 2002

A particle of massn= 1.0 kg, which is initially moving freely in the hori-
zontal direction with a speed #f = 10 meters/second, collides elastically
with a target particle of equal mass, and then travels at gleari6 = 37°

to the initial direction.

e Determine the speed of the incident particle, after thasioh.
e Determine the speed and direction of motion of the targetgbar

Solution

Letv be the final speed of the projectid,the final target speed, amothe
angle of travel of the target relative to the-axis. The laws of conservation



10.

of momentum and energy are

my = mvcosd+ mVcosp

0 = mvsin® —mVsing
1 1 1
“mé = —mé+ —mV?2
2 V‘Z) 2 Jr2

The momentum conservation relations may be written

Vy = Vp—Vvcoso
Vy = vsinb

Substitute these into the energy conservation relaignv? = v(z) to obtain

VZ=V3—V? = (Vo—Vvcosh)?+ (Vosing)?
—2% = —2vycosh
vV = vpcosh = (10)cog37°) =8m/s

The target particle thus travels at sp&e¢g , /vg —Vv2=6m/s. Its direction
is given by the relation sip=vsin6/V =4/5, or¢=53°.
PHYS 123 - 002 QUIZ 5 11 April 2002

A particle of massn= 1.0 kg, which is initially moving freely in the hori-
zontal direction with a speed #f = 10 meters/second, collides elastically
with a target particle of equal mass, and then travels at adspév = 6
meters/second.

e Determine the direction of motion of the incident particiéeeathe
collision, relative to its direction of motion before thelleon.

e Determine the speed and direction of motion of the targetgbar

Solution



11.

Letv be the final speed of the projecti,the final target speed, amuthe
angle of travel of the target relative to the-axis. The laws of conservation
of momentum and energy are

my = mvcosd+ mVcosp

0 = mvsin® —mVsing
1 1 1
“mg = ZmV+ZmV?
2 % 2 Jr2

From the energy consevation relation we obtaia /3 — V2 = /102 — 62 =
8 m/s. From the momentum consevation we obtain
-+ = (Vo—Vcosp)?+ (Vsing)?
36 = 100+64—160cosp
cosp = 128/160=0.8
¢ = 37°

Phys 123-001 QUIZ 6 25 April 2002

A particle of massnis hung by a massless string, which is wrapped over
a frictionless massive pulley. The string is attached to ashathat is
initially at rest on a frictionless table. The pulley hasits®R and moment

of inertial about its central axis. It rotates freely about its centras.a
Assume that the string does not slip on the pulley.

e Show all forces acting on the pulley and the two masses.
e Determine the downward acceleration of the mass
e Determine the tensions in the string, both above and belevptitiey.

Solution

The net force on the ma$g on the table is the string tensidn, so that
Tp = Ma. The net (clockwise) torque on the pulley(i§ — T1)R, so that
(T,—Ti)R=Ila =la/rR. The net downward force on the mass mg— T,
so thatmg— T, = ma In summary:

T, = Ma
(Tz - Tl) = —=a
mg—T, = ma



We add these equations to obtain
a= mg
- m+M+1/R?

Substituting this result, we obtain the tensions:

T = M m

L™ mimrire o
M+1/R2

T = +1/

— M
miM+1/Re9

12. PHYS 123 - 002 QUIZ 6 25 April 2002

A particle of massnis hung by a massless string, which is wrapped over a
frictionless massive pulley. The string is attached to amaémass m that

is initially at rest on a frictionless table, as shown. Thégyuhas radius,

and it rotates freely about its central axis. Assume thastheg does not
slip on the pulley. The downward acceleration of the patislmeasured to
beg/4.

e Show all forces acting on the pulley and the two masses.

e Determine the moment of inertlaof the pulley, in terms o, g, and
R.

e Determine the tensions in the string, both above and belevptitiey.

Solution

The force on the mass on the tableTis= ma= mg/4. The force on the
suspended mass mg— T, = mg/4, so thatT, = 3g/4. Finally, the net
torque on the pulley i§T, — T;))R=mgR/2=1a = la/R=1g/(4R). Con-
sequently, the moment of inertia of the pulley is: 2mr2.

13. PHYS 123 - 001 QUIZ 7 30 April 2002

A round ball of massn= 0.1 kg and radiuskR = 0.05 meters rolls without
slipping down a track after being released from rest at ahtdig= 0.5
meters above the level portion of the track.

Hint: The ball is a uniform sphere, with moment of inertia abits center
of 2/5mR.



14.

e Draw a diagram showing all the forces acting on the ball aslis r
down the curved portion of the track.

e Determine the (translational) speedf the ball just as it reaches the
bottom of the curved portion of the track.

Solution

The forces are the weight of the ballg downward, the normal forchl
perpendicular to the track, and the (static) friction fofgep the track.

Applying energy conservation, we obtain

1 1
mgh = Kjs +§m\/2+§|002

1 12,V
= W
1 1 7
— (i3 )\me= tm
<2+5)m 0"
Vo= 1—7Ogh:1—70(9.8)(o.5):7.2
v = 27m/s

PHYS 123 - 002 QUIZ 7 02 May 2002

A round ball of massn, radiusR, and moment of inerti& (with respect to
its center of mass) rolls without slipping down the traclotigh a heighh.

Note : The center of mass of the ball lies at its geometricerent

e Draw a diagram showing all the forces acting on the ball aslis r
down the curved portion of the track.

e Express the heighitin terms of the (translational) spegeaf the ball
just as it reaches the bottom of the curved portion of the&kiras well
as the other parameters.

Solution

The forces are the weight of the ballg downward, the normal forchl
perpendicular to the track, and the (static) friction fofgep the track.

Applying energy conservation, we obtain



mgh — Kf:%mvu%lwz
1 |

V2 I
"= ()

15. PHYS 123 - 001 QUIZ 8 07 May 2002

16.

Two small objects of equal mass which lie far away from everything else
in the universe, travel along the same circular orbit with same speed
and always lie at precisely opposite locations, as shown.

e Draw a diagram showing all the forces on this system.
e What is the radiu® of the circle, expressed in termswyfm, andG?
e Determine the rotational periofl of this system, expressed in terms
of G, m, andR.
Solution

The force of gravitational attraction between the bodi¢sis Gn?/(2R)2.
Thus,

E o mvZ  Gn?
- R (2R?
Gm
¥ = R
Gm
R= a0
T 2MR - 4ATR®/2
Y _\/Gm

PHYS 123 - 002 QUIZ 8 09 May 2002

Two small objects, each of mass 100 kilograms, are locatefddian every-
thing else in the universe. Under mutual gravitationabation, they travel
along the same stationary circular orbit of radius 1000 nsetdways lying
at precisely opposite locations, as shown.



e Draw a diagram showing all the forces on this system.
e What are their (tangential) speeds in this orbit, in mesexsdnd?
e Determine the rotational periof, in seconds.

Hint: G = 6.67 x 1011 [Ntn?] /kc?.

Solution
The force of gravitational attraction between the bodids s Gn?/(2R)?.
Thus,
E o mv¢  Gn?
R (2R?
Gm 6.67x1011.100
Vo= o= =1.67x 10712
4R 4x 103 8
v = 13x10%m/s
The period is
2mr 2m0®
T=—=——""-—-=48x1 =17 r
=13, 1076 = 48x 0° sec= 170years

Spring 2002 Examinations:

PHYS 123 - 001/002 TEST 1 25 February 2002

1. [25 points] An automobile of mass 10Rf on the Autobahn is traveling at
200 kilometers/hour on level ground. Seeing a stopped chrsiher lane
a distance of 500 meters ahead, the driver immediately |dokdrakes.
Assume that the car slides to rest on the road just befokergjrihe stopped
car. Determine the coefficient of kinetic friction for thergac, under these

circumstances.
Solution

km 1
Vo — 200KM. _L /s

hr 3.6 km/hr = 55m/s



Sincevy = Vp — at, the stopping time i$ = vp/a. Furthermore, sincg =
Vot —at?/2, we obtairl = vo-Vo/a—a(Vo/a)/ 2 = V3/2a. As a consequence,
the deceleration is

B v_g ~ (55)2

a= 5 = 5500 SIS
The coefficient of kinetic friction is
_fk_ma_a_;3
N mg g

. [25 points] Two masse#, andB are connected across a massless, friction-
less pulley by a massless cord. Mdssits on a frictionless surface, tilted

0 = 30° to the horizontal. The cord remains taut, and MA§EO kilograms]
falls, with a downward acceleration af= 3 meters/second-squared.

¢ Indicate all forces acting on each mass.
e Determine the tension in the cord [in Newtons].
e Determine the mass &, [in kilograms].

Solution

The forces acting on magsare its weightmag (down), the normal force
N = mgcosB perpendicular to the table, and the tensioin the cord (up the
table). It experiences an acceleratenp the table, wher@ — masind =
mga.

The forces acting on magsare its weight (down) and the tension in the
string (up). It experiences a downward acceleraBpmwheremgg—T =
mga. Thus,T =my(g—a) =10(9.8—3.0) = 68N.

Finally, we haveT = ma(a-+ gsin@) or 68 = ma(3.0+ 9.8 2) = 7.9ma.
Thereforema = 68/(7.9) = 8.6 kg.

. [25 points] On level ground, a steel spherical ball (useshiot-put) of mass
1 kilogram is thrown at an angle of 3@bove the horizontal with an initial
speed of 15 meters per second (Neglect air resistance).

e What is the maximum altitude of the ball [in meters], relatio the
launch point?



e How long does the ball stay in the air above the launch pomséic-
onds]?

Solution
The basic equation for trajectory motion are:

Vy = VpCOsB
X = Vpcosbt
Wy = VpsinB—gt

. 1
y = Vpsinbt— Egtz

The maximum altitude occurs wheg = 0, at the timet = vpsin@/g =
15sin30/9.8 = 0.76 sec The corresponding altitude is

Vosine, 1 vpsinG , V3sirf@ 15%0.5?
) =59 ) = =

_ _287
g 2g 2.98 m

Ymax= Vo SinB(

The landingy = 0 occurs at a timé = 2vpsin6/g = 1.53 se¢ so that the
range is

2VpSind

R = vpcosh( ) =15c0s30(1.53) = 19.9m

. [25 points] Anm =5 kilogram mass is attached to a massless cord. It slides
on africtionless horizontal plane along a circular pathagiiusR = 1 meter,

the cord being tied to a point at the middle of the plane. Thd can safely
withstand a tension df = 1000 Newtons without breaking. What is the
maximum number of revolutions per second permitted for spfration?

Solution
The tension in the cord is



5.2

1000 = ——

1

Vv = 200
v = 141m/s

The corresponding frequency of revolution is

v _ 141 5 o5h;

foi_o Vo
T 2R 21

. [Extra Credit; 10 points] Calculate the angle betweetijttiree-dimensional]
vectorsA andB, where

20+ 3] + 4k
= 3+4]+2k

WL >
|

Note that], |, andk are unit vectors in thg, y, andz directions, respectively.
Solution
Let us compute the scalar product:

A-B=adyt+aby+ab,=2x3+3x4+4x2=26

The respective magnitudes of these vectors are

Al = Jai+ai+az=\22+R+42=129
Bl = \/bZ+bf+bZ=1/3P+424+22=129

Since A- B = |A||B|cosd, if follows that 26= (1/29)2cosh, or co$ =
26/29, so thab = 26°.

Alternatively, one may use the relatith x B| = |A||B|sin®



A W—>
N X
I
H
Q,
|
Koy
|
=

>§T
g
o2
w N

Thus

Ax Bl = /102 + (-8)2 + (~1)2= V165

and sirB = v/165/29, orf = 26°.
PHYS 123 - 001; 002 TEST 2 03 April 2002

1. [25 points] A bullet of massn = 10 grams and initial speed) = 1000
meters/second passes straight through a block of Mass1000 grams,
leaving at the other end with speedwof= 300 meters/second. The bullet
travels a distance df= 30cmthrough the block. Calculate the following:

the recoil velocityv of the block.
the energ\A‘E, lost by the bullet.
the amount of energ¥ost converted into heat by this process.

the average forcgy acting on the block while the bullet was passing
through it.

Solution
Momentum is conserved in the collision, so that

my = mv+MV
(0.01)(2000 = (0.01)(300) + 1V
V = 10-3=7m/s

The energy lost by the bullet is



1

AEy, = %mvg - %mvz — %(0.01)(1000)2 - §<O'Ol><300>2

= 5000-450=4550J

The energy concerted into heat is
12 1.2
AFost = AFp — AFrecoil = AFEp — EMV = 4550— 51(7) = 4525J
The average force on the bullet is given by

Fo = Ay /¢ = 4550/0.3=1.5x 10* N

. [25 points] A car (masm)) is traveling around a horizontal circular track at
a speed o = 30 meters per second. The radius of curvature of the track is
R =200 meters.

e Draw a diagram showing all forces acting on the car.
e Calculate the acceleration of the car in the curved track.

e What minimum coefficient of kinetic frictiopk is required to keep the
car from sliding off the track?

Solution

The forces acting on the car are its weighit= mg(downward), the normal
forceN = mgfrom the track (upward), and kinetic frictioh(toward center
of track). The net force acts toward the center of the track:

L
Thus
v (30)?
=% =555 =45m/s

The coefficient of kinetic friction is

f ma a 45
:—:—:—:—20.46
H N mg g 90



3. [25 points] A block of masesm= 2 kgis released from rest on a frictionless
inclined plane tilted at an angle 6f= 30° to the horizontal. It slides down
the track for/ = 1 meter before beginning to compress a spring, and comes
to rest after compressing the springy: 20cm

e What is the spring constahktof the spring, in Newtons per meter?
e How fast was the block going when it first touched the spring?

Solution

The block slides down the inclined plane a total distafi¢ex = 1.2 m be-
fore stopping. The initial gravitational potential energgonverted entirely
into energy stored in the spring. Thus

mg({+X)sin® = %kx2

1 1
2x90x12x= = Zk(—/2)?
% 9.0 x x5 2( /2)

2x98x12
k = o4 =588N/m

The speed of the block when it just touches the spring is atterchined
from energy conservation:

%mv2 = mgsin®

_ 1
Vo= 2g/sind =2x9.8x 5 =9.8
v = 3.13m/s

4. [25 points] A rocket of initial mass1= 500 kilograms, momentarily at rest
in free space, is expelling spent fuel at the rate-aim/At = 10kg/secout
of its back, at a speed of = 500 meters/second. Calculate the magnitude
of the initial forward acceleratioa of the rocket, in meters/second-squared.

Solution

The total momentum of the rocket plus exhauseted gas is owselrhus,
over a short timét, the mass of expelled gas4gAm, and we obtain



(m+Am)-(v+dv) + (—Am)(Vv—Ve) =mv
mv+Amv+ mAv+ (drop)AmAv —  Amv+Amve = mv
mAv = +Amv

mAv _ Amv
A At Y
Av Am. Ve
=& = Uadm
500
a = 10%_10m/32

5. [Extra Credit; 10 points] A block of mass starts from rest on a smooth
(frictionless) curved track, with its center of mass a helgabove where it
would be when the block slides onto the rough horizontaktratich has
coefficient of kinetic frictionu,. What distancé does the block slide on the
rough horizontal track?

Solution

We use the work energy theorem, setting the initial potéeti@rgymgh
equal to the work done against friction, to obtain

mgh= L

NI

my = fl=pumg
h

0 —
Mk

PHYS 123 - 001; 002 FINAL EXAM 15 May 2002

1. [25 points] A small projectile is launched at level growaidpeeds, at an
angled = 30° above the horizontal. It remains in the air for 6 secondsreefo
returning to ground. Neglecting air resistance, and takirg9.8 m/seé,
determine the initial speea, its maximum height, and the horizontal
distance covered, expressed in Sl units.

Solution

The intilal components of the velocity arg) = vocost = vo\/§/2 andvyo =
VoSinB = vp/2. The horizontal component of velocity remains unchanged.



The rocket stays in the air for 6 seconds — three seconds gpiagd three
seconds going down. Its vertical speed starts owpA2, and ends up at
—\Vp/2, being O at the top of the trajectory. Thus=0/y/2 — gt, or vo =
2x9.8x3=59m/s.

The horizontal distance covered (RangeRis- Wt = vp\v/3/2t = 305m.

From the relatiowf, = vf,o — 2gy, we obtain the height by setting the ver-
tical speed to zeroy, = O:

2
_ Mo 29.42

_ _ 44
2g 196 M

. [25 points] A disk of masM, radiusR, and moment of inertid has a light
string wrapped around its rim, which is attached to the wgiliThe string
remains taut while it unwinds, and disk falls.

e Draw a diagram showing all the forces acting on the disk.
e Calculate the tension in the string.

e Calculate the downward acceleratiarof the center of mass of the
disk.

Solution

The forces acting on the disk are its wei§lt= mg (downward) and the
tensionT in the string (upward). The downward acceleration of th& dis
given through Newton’s Second Lawia=mg—T.

In addition, the torque about the center of mass of the digkjisal to the
rate of change of its angular momentum:

la=12=TR
Thus,

q - T

|
a = g-—a—-—
g 19123

mR

a —=




The tension in the string is thus

T_Ia_m |
CR2 gl+mR2

3. [25 points] A banked track with radius of curvatlReand inclinationd =
3(° is designed so that a vehicle travelingvat 40 meters/second will
move around the track without the need for frictional ford@stermine the
radiusR of the track, in meters. Also, if the coefficient of staticcfron is
0.1, determine the maximum speed the vehicle can have withipyirsg
off the track.

Solution

The forces acting on vehicle are its weight= mg (downward) and the
normal force of the trackN perpendicular to the track. The resultant of
these two forces, the net force on the vehicle is horizoatal,of magnitude

F = m?/R. The vertical component of the normal force must thus cancel
the weight;N cosB = mg and the horizontal component of the normal force
is the resultant forcaN sin® = F. Consequently = mgtan6 and

my? = mgtan®
R - g
R = v
gtan@
407
R = ——— =2
9.8x 0577 2o0m

4. [25 points] A bullet of mass 30 grams and initial spegd= 1000 me-
ters/second passes straight through a block of mass 50Gglaawving at
the other end with a speed wf= 500 meters/second. The bullet travels a
distance o¥ = 10cmthrough the block. Calculate the following:

¢ the recolil velocity of the block.
e the energ\AE, lost by the bullet.
e the amount of energy converted into heat by this process.

¢ the average forc& acting on the block while the bullet was passing
through it.



Solution
The energy lost by the bullet is

AE, = %mv% - %mv2

- %(0.03) x (100F — 5007) = 11250J

The total momentum of the system (bullet plus block) is corest, so that
my = mv+MV

m(o—V) _ 0.03x (1000—500)
M N 0.5

vV = =30m/s

The energy converted into heat is

1
A(Ep — Folock) = 11250 5(0‘5) -(30)2 = 11250 225= 11025J

The average frictional forc& on the bullet, multiplied by the distance
¢ traveled in the block, equals the energy converted to heatha F =
11025/0.3=13.7 x 10* N.

. [25 points] A massnis attached to a massless string of lengdmd swung

in a vertical plane. The string remains taut at all times, airtthe top of the
swing the mass has the minimum speed necessary for the &irnegnain
taut at that point. In terms af, g, andL, calculate the speed of the mass
and the tension in the string at poiftgbottom] B [string horizontal] and

H [top].

Solution

At the top of the path the tension in the string is zero, andvikgght of
the mass must be responsible for its centripetal acceratga- mv%/L, or
vr = +/gL. There is gravitional potential energyngL as well.

Since the mechanical energy is conserved, at the bottomegbdth, with
zero gravitational potential energy, we have



1

-m 2mgL = -m

5V +2mg 2
5 1
—-mgL = —m
oMY 2

When the string is horizontal, conservation of mechanicargy leads to
the relation

“mgL = %mvﬁptmgL
V4 = +/3gL

. [25 points] A lump of clay of mass = 50 grams is dropped from rest at a
height ofh = 1.0 meters above a turntable. The turntable is initially iotat
freely about its center aby = 45 revolutions per minute. The turntable is a
uniform disk of masdv = 1000 grams, radiuR = 50cm, and moment of
inertia oflg = 1.25kg n?. The lump of clay sticks to the rotating turntable
at a pointr = 25cmfrom its center. Determine the speed of the clay just as
it hits the turntable [irm/s], the final angular velocity of the turntable [in
rpm|, and the energy lost in the collision [in Joules].

Solution

The speed of the class as it hits the turntable is determireed &€nergy
conservation:

1

“mé = h

2m mg
Y - 2gh=2x9.8x1.0=196
v = 4.42m/s

The angular momentum of the turntable is unchanged in tHesiool with
the clay. Thus



lowo = lw=(lg+mr?)w
_ W
1+(mr2)/lo

45
1+ (0.05x (0.25)2)/1.25
w = 44.89rpm

The angular velocities axgy = 4.71rad /secandw = 4.70rad/segG respec-
tively.

The energy lost in the collision is

1 1 1
AE = Emv?+ E|om§ - élcoz — 0.49+ 13.88—13.84=0.53J

. [Extra Credit; 10 points] The Jovian satellites lo andliS&l travel around
the planet Jupiter in circular orbits, with orbit raBand period$ as given:

Satellite Orbit Radius (km) Orbit Period (days)
lo 4.22x 10° 1.77
Callisto 188 x 10° -

Determine the period of Callisto about the planet Jupitedays, as well as
the mass of planet Jupiter, in kilograms.

Hint: G = 6.67 x 10~ Nt n? /kg? .
Solution

It follows from Newton’s second law and Newton’s Law of Unisal grav-
itation that, for a body of mas®s moving in a circular orbit of radiuR at
speedv, we have

m_v2 ~ GmM

R R

V12 GM

=g = =
21 R3
P=" = 2m/—
w GM



Thus

Peallisto . {RCaIIisto} 32
Po Rio
18.8

3/2

Peallisto = 1-77X(



