SAMPLE FINAL EXAM - PHYSICS 1301.1

Thisisaclosed book, closed notes quiz. Calculators are permitted. The ONLY formulas that may be used
are those given beow. Define dl symbols and judtify dl mathematica expressonsused. Make sure to Sate
dl of the assumptions used to solve a problem. Credit is given only for alogica and complete solution that is
clearly communicated. Partid credit will be given for awell communicated problem solving strategy based on
correct physics. MAKE SURE YOUR NAME, ID #, TASNAME, AND SECTION #1SON EACH
PAGE!! Each problem isworth 25 points: In the context of a unified solution, a useful picture, defining the
question, and giving your gpproach isworth 6 points, a complete physics diagram defining the relevant
quantities, identifying the target quantity, and specifying the rdevant equationsis worth 7 points; planning the
solution by condructing the mathematics leading to an agebraic answer and checking the units of that answer
isworth 7 points, caculating anumerical vaue with correct units isworth 3 points; and evauating the vdidity
of the answer isworth 2 points. The 30 multiple choice questions are worth 1point each.
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Useful constants: 1 mile=5280 ft, g = 9.8 m/s2 = 32 ft/s?




Problems

1. Whileworking in amechanica structures laboratory, your boss assigns you to test the strength of ropes
under different conditions. Y our test set-up congists of two ropes attached to a 30 kg block which dideson a
5.0 m long horizonta table top. Two low friction, light weight pulleys are mounted at opposite ends of the
table. Oneropeis attached to each end of the 30 kg block. Each of these ropes runs horizontally over a
different pulley. The other end of one of the ropes is attached to a 12 kg block which hangs straight down.
The other end of the second rope is attached to a 20 kg block aso hanging straight down. The coefficient of
kinetic friction between the block on the table and the table's surface is 0.08. The 30 kg block isinitidly hed
in place by a mechanism that is release when the test begins so that the block is accelerating during the test.
During thistest, what is the force exerted on the rope supporting the 12 kg block?

2. Y ou have been asked to review the safety of workers washing windows on skyscrapers. The platform
they stand on to get to the windowsiis 2.0 feet wide and 12 feet long. It weighs 130 Ibs. It is supported
by two cables, one at each end, mounted on-center to prevent the platform from tipping over asit is pulled
up the side of the building. Y ou worry whether the cables are strong enough, so you observe how the
window washerswork. There are two workers on the platform as it goes up a 200-ft high building & a
constant speed of 3.0 ft/s. Y ou notice that one worker, who weighs 115 Ibs, stands 2.5 ft from one cable
while the other, who weighs 160 Ibs, stands 4.0 ft from the other cable. Both stand 1.0 ft from the Sides.
The platform has a uniform mass digtribution and is of negligible thickness. As an example, you decide to
cdculate the tension in each rope for this Stuation.

3. You have been hired as part of ateam to determine procedures for assembling a space ation. Inthe
construction, two sections of the station are coupled together using avery large diameter ring. Y our task isto
determine how to maneuver the ring into position. One suggestion isto have aworker gpproach the
motionless ring a a congtant velocity tangent to thering. Upon reaching the ring, the worker grabsit and holds
on. Your assgnment isto caculate the ring’ s subsequent motion as a function of the worker’ sinitid velocity.
The project’ s specifications will give the mass of the ring and the worker (including space suit) aswell asthe
radius of the coupling ring. For amplicity, you assume that the trgjectory of the worker isin the plane of the
ring. Y our boss has suggested that you characterize the motion in terms of the find trandationd velocity of the
center of mass of the ring and worker and their find rotationa velocity about that center of mass.

4. Anunfortunate cat is perched at the top of agtraight ladder thet is just garting to fal from a
freestanding vertica position. Isit better for the cat to let go and smply drop vertically to the ground or
for the cat to ride down to the ground on the end of the ladder? To answer this question, compare the
gpeeds with which the cat arrives at the ground in the two cases. Assume that the mass of the cat is 5.0
kg, the mass of the ladder is 15.0 kg, the length of the ladder is 4.0 m, and that the ladder fals without
dipping dong the ground. The moment of inertia of the ladder about an axis through its end is ML%3,
where M is the mass of the ladder and L isitslength.



5. A block of mass M rests on africtionless surface and is Q)
connected to two springs as shown in the figure. The two prings K + k
are of the same length but have different spring congtants k; and k. 1 2

The massisinitially osdillating horizontally about its eqilibrium |_/me M J\/\/\/\_l

position with an amplitude A. At the ingtant the block is passing
through its equilibrium pogtion, abal of putty of mass m fals gently onto it and sticks. What are the
frequency and maximum velocity of the motion after the collison?

6. Y ou are on ateam devising new computer games that Smulate redlity. In this game you decide to roll
aboulder off adliff to land on the enemy below. To test your ideasin thelab, you release abdl so that it rolls
without dipping down aramp and then continues rolling on to a horizontal table. The ball then goes off the
table and lands on the floor. 'Y ou need to predict the distance from the table legs that the ball 1ands on the
floor? Y ou know the height of the center of the ball above the floor when it is released, the mass of the ball,
the radius of the bal, and the height of the table above the floor. The moment of inertia of the ball rotating
about its center is 2/5 that of aring of the same mass and radius.

Conceptual Questions

1. A grinding whed, just after the motor is turned off, rotates Grinding Whesl
with ahigh angular velocity, as shown in the diagram at 4
right. A wooden rod is pushed toward the center on the
outside edge of the grinder. k
Wooden rod

A free body diagram of the grinder whed! is shown at
right. Which force(s) exert atorque on the grinding whedl

about its center? N, (normalforce of
' 1 axel)
(@ W andFk
N . (normalforce of
(b) N2 and Fk 2 rod)
(©) NoandW
F (frictionalforce of
(@ N2 < rod)
(e Fk \W (gravitational force
of Earth)
2. A uniform plank is supported by the backs of ' - '
two chairs, as shown in the diagram at right. H‘ L%

How do the magnitudes of the for ces exerted
by the two chairs compare?

(@ Chair A exertsagrester force on the plank than Chair B.

(b) Both chairs exert equa forces on the plank.

(c) Chair B exertsagreater force on the plank than Chair A

(d) Itisimpossble to tel which forceislarger without knowing the weight of the plank.
(e) Itisimposshbleto tel which forceislarger without knowing more about the chairs.

Chair A Chair B



3. If an object isin Ssmple harmonic motion, its
(@ vdocity is proportiond to its digplacement.
(b) acceeration is proportiona to its displacement.
(c) kinetic energy is proportiond to its displacement.
(d) periodisproportiond to its digplacement.
(e) frequency is proportiond to its displacement.

attached to a horizontal spring undergoing 0
smple harmonic motion.

4. The graph represents the motion of amass
resnts thematon of \U/\U/\U/\t
Which graph below is the accel eration versus time gragph for the mass?
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(e) None of the above.

5. Haey's comet has an dliptical orbit around the sun, as shown in
thefigure a right. At which point initsorbit doesit haveits
grestest angular momentum?

(@ PointA

(b) Point B

(¢ PointC

(d) PointD

(e Itsangular momentum is the same everywhere.




6. A bucket isbeing lowered on arope a a constant speed. Ignoring any effects due to the air:

a)
b)
c)
d)
€)

the tension of the rope is greater than the weight of the bucket.

the tengon of the rope isless than the weight of the bucket.

the tension of the rope is equd to the weight of the bucket.

which is greater depends on how fast the bucket is going.

there is no connection between the tension of the rope and the weight of the bucket.

+y

7. Inthe diagram on the right of an object isin circular ‘\v

motion with an congtant angular velocity w. The object

isat pogtion x=+A, y=0 a time t=0. The'y component A
of the object's velocity is given by g

(& A w cos(wt). +X
(b) -A w gn(wt).

(© Aw.

(d) A w tan(wt).

(e -A 2pfan(2pft).

8.  Which of the fallowing istrue for asmple harmonic oscillator?

(@ Thevelocity and acceleration are 1800 out of phase.

(b) Theveocity is proportiond to the digplacement.

(¢) The maximum vaues of the acceleration and digplacement occur & the same places.
(d) The maximum vaues of the acceleration and velocity occur at the same places.

() None of the above.

9. A cockroach walks directly towards the center of adisk which isrotating freely with no externa
torques.

a)
b)
c)
d)
€)

The angular speed of the disk will increase.

The angular speed of the disk will decrease.

The angular speed of the disk will stay congtant.

The angular speed of the disk will increase or decrease depending on the speed of the cockroach.
We need more information to predict how the angular speed of the disk changes.



10. A 20 kg wooden block, initidly at rest on ahorizontal surface has a horizonta force of 80 N applied
toit. The block moves 15 m in the direction of the gpplied force. Thefrictiona forceis20 N. The block
acquires a speed of gpproximately

a 95m/s

b) 90 m/s

c) 48m/s

d 11nm/s

e 45m/s
11. Theveocity of an object, starting from rest at pogition x =0 a timet = 0, is shown in the graph to
theright below. Other than at t = 0, when is the position of the object equal to zero?

a) A, betweenOstols

b) B, betweenlsto2s

c) C, between2sto6s

d) D, between6sto6.5s

€) At no other time on this graph

12. Inthe question above, when isthe magnitude of the
acceleration largest?

a) A, betweenOstols
b) B, betweenlsto2s
c) C,between2sto6s
d) D, between6sto6.5s

]
t(s)

13. Themobile at theright hangs from averticd dring. The uniform beam has a weight of one unit.
The lines on the beam are equdly spaced. Determine the number of weight units that must be hung from
the left sdein order to baance the beam. Do not ignore the weight of the beam.

a 2

b) 3

c 4

d) 5

€) noneof these.

14. A bdl rollsup aramp. At the highest point
the ball reaches,
a) itsaccderaioniszero F"—‘ _
b) its acceleration is down the ramp 2 unitz
c) itsaccderdion isup the ramp
d) itsaccderation isverticdly down
€) itsaccdeationisverticdly up




15. When acar movesin acircle with constant speed, its acceleration is
a) condantly increesing
b) congant in magnitude but not in direction
C) zero
d) constant in magnitude and direction
€) noneof these

16. An 3-kg object moves dong the x axis. It is subjected to aforce F in the pogtive x direction; a
graph of F asafunction of timeis shown below. Over the 4 seconds that the force is gpplied, the

6N

t(s)
change in the momentum of the object is 1 2 3 4

a) 1kg/s

b) 2 kgx/s

c) 5kgx/s

d) 15 kgxn/s

e) 45 kgx/s

17. Whileice skating, an 80-kg man runsinto a 40-kg boy who is standing till on his skates. Which of
the following satement is true?

(& The man and boy exert equal magnitude forces on each other.
(b) The man exerts agreater force on the boy.

(¢) Theboy exerts agreater force on the man.

(d) Only the man exerts aforce on the boy.

(e) Only the boy exerts aforce on the man.

18. Inthefigure on theright, the L-shaped shaded pieceis cut from ametal

plate of uniform thickness. The point that corresponds to the center of mass

of the L-shaped pieceis

a 1
b)

c)

2
3
d 4
e 5

8:




19. A paticleisacted on by asingle constant force F and movesin acircle of radius R at a constant
speed. The work done by F when the particle has made one revolution is

a)
b)
c)
d)
€)

F(2pR

F(R)

F(PR)

F(2R)

none of these

20. If abody movesin such away that its linear momentum is constant, then

a)
b)
c)
d)
€)

itskinetic energy is zero.

the net force acting on it must be zero.

its acceleration must be nonzero and congtarnt.
its center of mass must remain at rest.
frictiona forces must be negligible.

21. A 1-kg object has a head-on dadtic collison with a 100-kg object, which is at rest, on africtionless
surface. After the collison,

a)
b)
c)
d)
€)

the 1-kg object has the larger momentum (in magnitude)

the 100-kg object has the larger momentum (in magnitude)

they both have the same momentum (both in magnitude and in direction)
they both have equa momentum (in magnitude) but opposite in direction
the momentum is zero.

22. A uniformthick walled cylinder, a uniform thin walled cylinder, and a uniform solid cylinder dl have
the same mass and outer radius. Each cylinder isfree to rotate about its central axis. Rank them
according to their rotationd inertia (moment of inertia) about that axis, greatest to least.

a)
b)
c)
d)
€)

thick, thin, solid.

thick. solid. thin thick-walled thin-walled solid
thin, thick, olid cylinder cylinder cylinder
thin, solid, thick.

0lid, thick, thin.



23. Two blocks (weights 40 N and 60 N) are connected by alight string that passes over a masdess
pulley as shown. Thetensoninthedringis

a 20N
b) 40N
c) 60N
d) 100N
€) noneof these

40 N

Suppose you are looking down from a helicopter at two carstraveling in the
same direction aong the freeway. The positions of the two cars every 2 60N
seconds are represented by dots.
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24. Which graph below best represents the position-versus-time graph of Car A?
25. Which graph below best represents the position-versus-time graph of Car B?

26. Which graph below best represents the instantaneous ve ocity-versus-time graph of Car B?

@ b © % Jé

27. You are ganding in ahot air baloon which, according to your friend on the ground, is travelling upward
at 3.0 m/s. You decide to drop arock over the side of the balloon. The instant you release the object, your
friend determines that the rock is moving with

(& avdocity of 0 m/s and an acceleration of 9.8 m/s2 downward.

(b) avdocity of 3.0 m/s upward and an acceleration of 9.8 m/s2 downward.
(c) avdocity of O m/s and an acceleration of 6.8m/s2 downward.

(d) aveocity of 3.0 m/s upward and an acceleration of O m/s2 downward.
(e) avdocity of 3.0 m/s upward and an acceleration of 3.0 m/'s2.



Questions 28 - 30 refer to the diagram t right.

Two racing boats go around asemicircular turnin
arace course. The boats have the same speed,
but boat A ison the insde while boat B ison the
outsde, as shown in the drawing

B >

28. Which boat gets around the turn in the samdler time?
@ A (b) B (c) sametime (d) can'ttdl

29. Which boat has the greeter acceeration while in the turn?
(@ A (b) B (c) sameaccderation (d) can'ttel

30. At the center of the turn, the accderation of boat A iS?

@0 (b — > o« (@ 1 C) 1



