Name  _______________________________________________________________________


Final Exam

Physics I

Spring 2006

If you took all three unit exams, this Final Exam is optional.  It may bring your grade up, but it may also bring your grade down.  If this exam is optional for you, you may decide at any time before you hand it in that you do not want it graded.

If you do not want this graded, check here and sign your name __
________________________________________________________

If you would like to get credit for having taken this exam, we need your name (printed clearly) at the top of every page,
and section number below.

Section # 

Questions
Value
Score

Part A
80


B-1
20


B-2
20


B-3
20


C-1
20


C-2
20


C-3
20


Total
200


_____ 1    M/R 8-10 (Bedrosian)

_____ 2    M/R 10-12 (Hayes)

_____ 3    M/R 10-12 (Eah)

_____ 4    M/R 12-2 (Bedrosian)

_____ 5    M/R 2-4 (Hayes)

_____ 7    M/R 4-6 (Hayes)

_____ 9    T/F 10-12 (Wilke)

_____ 10  T/F 10-12 (Washington)

_____ 11  T/F 12-2 (Yamaguchi)

_____ 12  T/F 2-4 (Wetzel)

_____ 14  M/R 12-2 (Eah)

_____ 15  T/F 12-2 (Wilke)

You may not unstaple this exam.

Only work written on the same page as the question will be graded.

Cheating on this exam will result in an F in the course.

On this exam, please neglect any relativistic and/or quantum mechanical effects.  If you don’t know what those are, don’t worry, we are neglecting them!  On all multiple choice questions, choose the best answers in the context of what we have learned in Physics I.
On graphing and numerical questions (Parts B and C), show all work to receive credit.
IMPORTANT REMINDER FOR PARTS B AND C:  You are allowed to use only the formulas given with the exam and standard math (trigonometry, algebra, etc.).  If you want to use a formula not on the list, you must derive it using the formulas on the list and standard math.

Another Important Note: You are taking this final exam to try to improve your grade.
Please take care to read each question carefully and think about it before answering.

Part A – Multiple Choice – 80 Points Total (4 points each except as noted.)
Questions 1-3 refer to the figure below.
Two masses hang from ideal massless strings connected via ideal massless pulleys to a third mass sliding on a horizontal, frictionless surface.  The acceleration constant of gravity is g.  The weights of each mass are as follows: m1 g = 6 N, m2 g = 12 N, m3 g = 18 N.
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_______1.
What is the magnitude of the acceleration of mass 3?
A)  g/12

E)  g/4
B)  g/8


F)  g/3
C)  g/6


G)  g/2
D)  g/5


H)  g

_______2.
What is the tension, T1, in the string connected to mass 1?
A)  4 N

E)  8 N
B)  5 N


F)  9 N
C)  6 N

G)  10 N
D)  7 N

H)  12 N

_______3.
What is the tension, T2, in the string connected to mass 2?
A)  4 N

E)  8 N
B)  5 N


F)  9 N
C)  6 N

G)  10 N
D)  7 N

H)  12 N

Questions 4-6 refer to the figure below.
Two cannons on a horizontal plane, A and B, fire their respective cannon balls so that the two cannon balls collide at the maximum height, which is the same for both cannon balls.
The cannon balls explode into a total of 20 separate pieces due to internal forces.
Assume the cannon balls are fired from the same height above the ground.
Neglect air resistance and do not assume that the cannons or cannon balls are identical.
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_______4.
Which cannon should be fired first so that the cannon balls collide?

A)
Cannon A.

B)
Cannon B.

C)
Both should be fired at the same instant.

D)
There is not enough information given to determine which should be fired first.

For Questions 5 and 6, consider the system consisting of the two cannon balls (or the 20 pieces) in the time interval after both cannon balls have been fired but before the pieces hit the ground.

_______5.
In which direction(s) is the momentum of the system conserved?

A)
X only.

B)
Y only.

C)
Both X and Y.

D)
Neither X nor Y.

_______6.
In which direction(s) is the velocity of the center of mass constant?

A)
X only.

B)
Y only.

C)
Both X and Y.

D)
Neither X nor Y.
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Questions 7-14 refer to the figure below.  Each question on this page is worth 2 points.
Two objects of equal mass, A and B, are moving in uniform circular motion about the center marked with an “X”.  Object A is closer to the center.  The speed is v = 1.0 m/s for both objects.

For the quantities given in the question below, pick the object that has the larger quantity from the following choices:

A)
The quantity is larger for object A.

B)
The quantity is larger for object B.

C)
The quantity is the same for both objects.

D)
There is insufficient information to determine which object has the larger quantity.

For example, if the quantity is “speed,” the answer is C.

_______7.
Magnitude of angular velocity.

_______8.
Magnitude of linear acceleration.

_______9.
Magnitude of angular acceleration.

_______10.
Magnitude of angular momentum.
_______11.
Kinetic energy.
_______12.
Period.
_______13.
Magnitude of net force acting on it.
_______14.
Magnitude of net torque acting on it.
_______15.
A conservative force is defined to be a force that

A)
obeys Newton’s Third Law.

B)
allows any system it acts upon to obey the Law of Conservation of Momentum.

C)
cannot change the total kinetic energy of any system it acts upon.

D)
does 0 work on an object moving in any closed path from one point back to the same point.

E)
is constant.

              16.
We studied several forces during the semester; some were conservative forces and some were non-conservative forces.  Identify each of the forces listed below as conservative (C) or non-conservative (N) forces:

_______
Pushes and pulls from human muscles.

_______
Gravity.

_______
Forces on electric charges from static electric fields.

_______
Friction.

              17.
The following sequence is a derivation of Equation 17 on the Formula Sheet from Equation 16, using mathematics and principles of physics:  For each step, select the principle from the list below that best justifies that step.  (6 points)
Each principle (A-E) is used once and only once, except that one is used twice.

A)
Rules of calculus applied to vectors.

B)
The definition of velocity.

C)
The definition of center of mass.

D)
The definition of the momentum of a particle.

E)
The definition of the momentum of a system.

_______
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              18.
The following sequence is a derivation of Equation 26 on the Formula Sheet from Equation 22, using mathematics and principles of physics.  For each step, select the principle from the list below that best justifies that step.
Each principle (A-D) is used once and only once.

A)
Rules of algebra.

B)
Some forces are conservative, all other forces are non-conservative.

C)
The Work – Kinetic Energy Theorem.

D)
The definition of potential energy.

_______
K = Wnet
_______
Wnet = Wcons + Wnon-cons
_______
U = –Wcons
_______
K + U = Wnon-cons
             19.
The following sequence is a derivation of Equation 40 on the Formula Sheet for the special case of a single particle acted upon by a single force, using mathematics and principles of physics.  For each step, select the principle from the list below that best justifies that step.  (6 points)
Each principle (A-F) is used once and only once.

A)
Rules of calculus applied to vectors.

B)
A property of the cross product of two co-linear vectors.

C)
Newton’s Second Law.

D)
The definition of angular momentum.

E)
The definition of torque

F)
The definition of velocity.

_______
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______ 20.
In the figure, an electron e travels through a small hole in plate A and then toward plate B.  A uniform electric field between the plates slows the electron without deflecting it.  The direction of the electric field between the plates is:
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______ 21.
A uniform, constant magnetic field is directed into the page. A charged particle, moving in the plane of the page, follows a counter-clockwise spiral of increasing radius as shown.  Select ALL of the choices below that we can correctly conclude:


[image: image15.png]


 

A)  The charge of the particle is positive.
B)  The particle is speeding up.

C)  The magnetic force does no work on the particle.
D)  There must be another force on the particle in addition to the magnetic force.

______ 22.
An electron begins at point A with kinetic energy KA.  The electric potential at point A is VA.  The electron moves to point B where it has kinetic energy KB > KA.  The electric potential at point B is VB.  The only force on the electron is due to a static (constant in time) electric field.  Which statement below must be true?

A)  VA > VB.
B)  VB > VA.
C)  VA > 0.
D)  VB > 0.
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_______23.
An electron is moving East in a uniform magnetic field directed North.  What is the direction of the magnetic force on the electron?

[image: image95.png]


A)  North.

B)  South.

C)  East.

D)  West.

E)  Up (out of the page).

F)  Down (into the page).

B-1 – Motion Graphs – 20 Points

An object begins at t = 0 seconds at rest, located at x = 0 meters.  The acceleration versus time graph for the motion of the object is shown below.  Graph the position (x) and velocity (v) of the object as functions of time from t = 0 to t = 12 seconds.  Be sure to include:

1.  General shapes of the curves, noting any points where the curvature or slope changes.

2.  The values at any minimum or maximum points.

3.  The values at t = 0.00, t = 6.00, and t = 12.00 s.

4.  Clearly labeled scales on the axes.
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B-2 – Force and Energy of a Spring System – 20 Points

A mass on a vertical spring begins its motion at rest at y = 0 cm.  It reaches a maximum height of y = 10 cm.  The two forces acting on the mass are gravity and the spring force.  The graph of its kinetic energy (KE) versus position is given below.  Graph the total potential energy of the system (PE of gravity plus spring) and the total force on the mass versus y.
Please define the zero of PE to be its minimum value.  Be sure to include:

1.  Shape of the curve(s).

2.  Minimum and maximum points.

3.  Clearly labeled scales on the axes.
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B-3 – Electron in Electric Potential – 20 Points

An electron is traveling through a region of space where a static (constant in time) electric force is the only force acting on the electron.  The graph of the electric potential is shown from d = 0 cm to d = 100 cm.  Calculate and plot graphs of the electron’s potential energy (PE) and kinetic energy (KE) as it moves from d = 0 to 100 cm.  The KE of the electron is 3.2 x 10–17 J at d = 0.
Be sure to include:

1.  Shape of the curve(s).

2.  Minimum and maximum points.

3. Clearly labeled scales on the axes.
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Part C – Problems – 60 Points Total (3 at 20 Points Each)

IMPORTANT REMINDER FOR PART C:  You are allowed to use only the formulas attached to the exam and standard math (trigonometry, algebra, etc.).  If you want to use a formula not on the list, you must derive it using the formulas on the list and standard math.

C-1: The Pirate Ship in a Harbor (20 Points)

A pirate ship in a harbor at sea level fired its cannon and hit the top of a hill 310 meters above sea level.  The cannon ball was in the air for 10.0 seconds.  The elevation angle of the cannon was 30° above horizontal.  What was the horizontal distance from the pirate ship to the top of the hill?  Use g = 9.8 m/s2 and ignore air resistance.
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Horizontal Distance to Top of Hill: _________________________ units _______

C-2: Angular Momentum of a Proton (20 Points)

What is the angular momentum of the proton shown below about the origin?  Its location is shown (Z = 0) and its velocity is in the +X direction.  Give all 3 components with +/– signs.
(Note: The +Z axis is out of the page.)
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Angular Momentum:
X Component: ___________________ units ________


Y Component: ___________________ units ________


Z Component: ___________________ units ________

C-3: Electric Field and Electric Potential of Point Charges (20 Points)
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Find the electric field and electric potential at the location marked “X” due to the three point charges as shown in the figure below.  The point charges and “X” are on the corners of a square 0.10 m on a side.  Note: 1.00 nC = 1.00 x 10–9 C.
Assume that the electric potential is defined to be zero at infinity.

Electric Field X Component:

_________________________________ units ________

Electric Field Y Component:

_________________________________ units ________

Electric Potential:

_________________________________ units ________

Formula Sheet for Homework and Exams – Page 1 of 2
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Useful Constants

(You can use the approximate values on tests.)

Universal Gravitation Constant
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Electrostatic Force Constant
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Magnetic Constant
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Speed of Light in Vacuum
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Charge of a Proton
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Electron-Volt Conversion Constant
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Mass of a Proton
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Mass of an Electron

[image: image91.wmf]31

31

e

10

1

.

9

kg

10

10938188

.

9

m

-

-

´

»

´

=



































� EMBED Zoner.Draw.Document  ���





� EMBED Zoner.Draw.Document  ���












































� EMBED Zoner.Draw.Document  ���





� EMBED PBrush  ���











� EMBED Zoner.Draw.Document  ���





� EMBED Zoner.Draw.Document  ���





� EMBED Zoner.Draw.Document  ���











15

[image: image98.wmf]B

A

v

 

=

 

1

 

m

/

s

 

(

b

o

t

h

)

[image: image99.wmf]B

A

v

 

=

 

1

 

m

/

s

 

(

b

o

t

h

)

[image: image100.wmf] 

 

Y

X

[image: image101.png]


[image: image102.wmf]N

S

E

W

[image: image103.wmf]e

l

e

c

t

r

o

n

v

B

[image: image104.wmf]X

Y

p

r

o

t

o

n

Location: (4.0 

x

 10

–12

 , 3.0 

x

 10

–12

) m

6.0 

x

 10

+6

 m/s

_1095432267.unknown

_1112082232.unknown

_1208245212.unknown

_1208248420.unknown

_1208248805.unknown

_1208326181.bin

_1208326448.bin

_1208329624.unknown

_1208287715.bin

_1208273143.unknown

_1208248684.unknown

_1208248784.unknown

_1208248586.unknown

_1208245306.unknown

_1208245485.unknown

_1208248311.unknown

_1208245345.unknown

_1208245250.unknown

_1137570404.bin

_1208193151.bin

_1208244530.unknown

_1166859019.unknown

_1208190525.bin

_1166859212.unknown

_1166724430.unknown

_1166725606.unknown

_1112206097.bin

_1130051705

_1132254716.unknown

_1130022080

_1130047519.bin

_1112179787.bin

_1110737652.unknown

_1112081152.unknown

_1112082223.unknown

_1112082226.unknown

_1112082219.unknown

_1112081036.unknown

_1112081144.unknown

_1112080781.unknown

_1112080766.unknown

_1098022334.unknown

_1098551757.unknown

_1110737540.unknown

_1110737595.unknown

_1110737617.unknown

_1110737553.unknown

_1099908614.unknown

_1099908634.unknown

_1099908699.unknown

_1099908596.unknown

_1098551705.unknown

_1098551733.unknown

_1098022335.unknown

_1095971047.unknown

_1098019203.unknown

_1098019506.unknown

_1095768394.unknown

_1095249496.unknown

_1095253503.unknown

_1095253707.unknown

_1095254791.unknown

_1095255011.unknown

_1095255551.unknown

_1095255560.unknown

_1095255442.unknown

_1095254851.unknown

_1095254299.unknown

_1095253636.unknown

_1095253678.unknown

_1095253536.unknown

_1095250456.unknown

_1095253066.unknown

_1095253223.unknown

_1095252187.unknown

_1095252291.unknown

_1095252456.unknown

_1095250596.unknown

_1095249942.unknown

_1095250327.unknown

_1095249716.unknown

_1095247474.unknown

_1095248813.unknown

_1095248932.unknown

_1095249091.unknown

_1095248874.unknown

_1095247713.unknown

_1095248302.unknown

_1095248438.unknown

_1095247849.unknown

_1095247533.unknown

_1095246595.unknown

_1095246803.unknown

_1095247236.unknown

_1095246708.unknown

_1095246516.unknown

_1095246532.unknown

_1095246434.unknown

