Name ________________________________________________________________________


Final Exam

Physics I

Fall 2003

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 and section number below.

Questions
Value
Score

Part A
48


B-1
20


B-2
24


C-1
16


C-2
24


C-3
20


C-4
24


C-5
24


Total
200


Section # 

_____ 1    M/R 8-10 (Bedrosian)

_____ 2    M/R 10-12 (Bedrosian)

_____ 3    M/R 12-2 (Bedrosian)

_____ 5    T/F 10-12 (Washington)

_____ 6    T/F 12-2 (Hayes)

_____ 7    T/F 2-4 (Hayes)

_____ 8    M/R 2-4 (Schroeder)

_____ 10  M/R 12-2 (Shannon)

If we catch you cheating on this exam,

you will be given an F in the course.

Sharing information about this exam with people who have not yet taken it is cheating on the exam for both parties involved.

*** Taking this exam out of the room with you is cheating. ***
The Formula Sheets are the last two pages.  Detach carefully for easier reference if you wish.

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 answer in the context of what we have learned in Physics I.
On graphing and numerical questions, show all work to receive credit.
Part A – Warm-Ups – 48 Points Total (12 at 4 Points Each)

Write your choice on the line to the left of the question number.

_______1.
When a charged particle moves in a magnetic field, it experiences a force according to equation 54.  Assertion: There must be another force of the same magnitude but opposite direction due to the moving charged particle acting on whatever created the magnetic field.  Which principle of physics best justifies this assertion?

A)
Conservation of Mechanical Energy.

B)
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C)
Newton’s Third Law.

D)
The Impulse-Momentum Theorem.

_______2.
You are standing on a surface, which pushes on you with a normal force.  Assume g (gravity) = 9.8 m/s2 at your location.  Which statement below is true?

A)  The magnitude of the normal force is always equal to your mass times g.

B)  The magnitude of the normal force is never less than your mass times g but could be more.

C)  The magnitude of the normal force is never greater than your mass times g but could be less.

D)  None of the above.

_______3.
You are accelerating in some direction with magnitude a = 1.0 m/s2.  Assume your mass = m and g (gravity) = 9.8 m/s2 at your location.  Which statement is true?

A)  The magnitude of the net force on you is always equal to m times a.

B)  The magnitude of the net force on you is never less than m times a but could be more.

C)  The magnitude of the net force on you is never greater than m times a but could be less.

D)  None of the above.

_______4.
A boy standing on flat ground threw a baseball straight up to a maximum height of 20 meters and let it drop to the ground.  It was in the air a total of t1 seconds.  He then picked up the ball and threw it at an angle.  It reached a maximum height of 20 meters and hit the ground 50 meters away.  On the second throw, it was in the air a total of t2 seconds.  Neglecting air resistance, which statement below is true?

A)  t1 > t2.

B)  t1 = t2.

C)  t1 < t2.

D)  There is not enough information to determine whether A, B, or C is true.

_______5.
Two blocks, A and B, start at rest on a frictionless surface.  Block A has less mass than block B.  Both blocks experience the same constant force of magnitude F.  After each block has moved D meters (not necessarily together), which block has the greater kinetic energy?

A)  Block A.

B)  Block B.

C)  Both are the same.

D)  There is not enough information given to determine which block.

_______6.
For the same blocks in question 5, which block has greater magnitude of linear momentum after moving D meters (not necessarily together)?

A)  Block A.

B)  Block B.

C)  Both are the same.

D)  There is not enough information given to determine which block.

_______7.
In the illustration below, penguin A is on a sled that is free to slide on frictionless ice.  The sled and penguin A begin at rest.  Penguin A walks to the other end of the sled, then stops.  Which statement best describes the velocity of the center of mass of the system consisting of penguin A plus the sled?  Take right as positive.
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A)  Starts at zero, assumes various negative values during the walk, ends at zero.

B)  Starts at zero, assumes various negative values during the walk, ends negative.

C)  Starts at zero, assumes various positive values during the walk, ends at zero.

D)  Starts at zero, assumes various positive values during the walk, ends positive.

E)  Starts at zero, assumes various negative and positive values during the walk, ends at zero.

F)  Starts at zero, stays at zero, ends at zero.

_______8.
A competitor in the Olympics springs off a diving board and attempts a triple-somersault dive.  While she is in the air, neglecting air resistance, she cannot change her

A)
Rotational kinetic energy.

B)
Rotational inertia.

C)
Angular momentum.

D)
Angular velocity.

_______9.
What is the direction of 
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A)  To the right on the page.

B)  To the left on the page.

C)  Up on the page.

D)  Down on the page.

E)  Into the page.

F)  Out of the page.

_______10.
An electron moves with a velocity that is directed into the page (X) in a region where there is an electric field directed to the right as shown below.  What is the direction of the electric force on the electron?
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A)  To the right on the page.

B)  To the left on the page.

C)  Up on the page.

D)  Down on the page.



E

E)  Into the page.

F)  Out of the page.

_______11.
An electron moves with a velocity that is directed into the page (X) in a region 
where there is a magnetic field directed to the right as shown below.  What is the 
direction of the magnetic force on the electron?
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A)  To the right on the page.

B)  To the left on the page.

C)  Up on the page.

D)  Down on the page.



B

E)  Into the page.

F)  Out of the page.

_______12.
A charged, non-magnetic particle is moving in a uniform magnetic field.  Which of the following conditions (if any) would cause the particle to speed up?

A)  The velocity of the particle is at a right angle to the magnetic field.

B)  The velocity of the particle is in the same direction as the magnetic field.

C)  The velocity of the particle is in the opposite direction as the magnetic field.

D)  None of the above; the magnetic force cannot cause the particle to speed up.

Part B – Graphing – 44 Points Total = 20 + 24

IMPORTANT REMINDER FOR PARTS B AND 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.

B-1 Projectile Motion (20 Points)

We fire a toy cannon at an angle of 60° with respect to horizontal.  The projectile is in the air for 2.0 seconds before it comes back to the same height from which it was launched.  Use +X as the horizontal coordinate and +Y as the vertical coordinate.  The initial location of the projectile is (0.0,0.0) meters, g (gravity) = 9.8 m/s2 in the –Y direction, and neglect air resistance.
Plot X and Y as functions of time from 0.0 to 2.0 sec.  Make sure to show the following features.

1. Shapes of the curves.
2. Maximum/minimum points.
3. Values at t = 2.0 sec.


[image: image4.wmf]Y

 

(

m

)

t

 

(

s

e

c

)

0

2

.

0

1

.

0

X

 

(

m

)

t

 

(

s

e

c

)

0

2

.

0

1

.

0


B-2 Electric Potential and Energy (24 Points)

An alpha particle with initial K.E. (kinetic energy) = 3.2 x 10-17 J moves from d = 0 to d = 100 cm in a region where the electric potential is shown.  The only force is the electric force.  (An alpha particle has charge +2e and mass approximately four times the mass of a proton.)

Plot P.E. (potential energy) and K.E. for the alpha particle.  Include the following:

1.  Shapes of the curves.
2.  Minimum/maximum points.
3. Values at d = 100 cm.
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Part C – Problems – 108 Points Total = 16 + 24 + 20 + 24 + 24

IMPORTANT REMINDER FOR PARTS B AND 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  Space Shuttle in Orbit (16 points) 

The space shuttle Atlantis is in a circular orbit 100. km (1.00 x 105 m) above the surface of the earth.  (This is an example of uniform circular motion.)  The mass of the earth is 5.98 x 1024 kg.  The radius of the earth is 6.37 x 106 m.  How long (in minutes) does it take for the shuttle Atlantis to complete one orbit?


Time for One Orbit: _______________________ units: _minutes_

C-2  Coupled Masses / Inclined Plane and Pulley (24 points)

Mass m1 can slide in one dimension on a frictionless, inclined track.  It is connected by a string at one end via a pulley to hanging mass m2 as shown in the figure below.  Neglect the mass of the strings and pulleys and neglect all sources of friction.  In this problem, we will use the following variables:

Masses:
m1, m2

String Tension:
T

Acceleration of mass m2:
a (positive for m2 going down)

Acceleration constant of gravity:
g
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(a)  Find the tension in the string in terms of m2, a, and g:

T = _________________________________________________

(b)  Find the tension in the string in terms of m1, a, g, and :

T = _________________________________________________

(c)  Find the acceleration of m2 in terms of m1, m2, g, and :

a = __________________________________________________

C-3  Angular Momentum of a Particle (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.)

[image: image80.wmf]
Angular Momentum:
X Component: ___________________ units ________


Y Component: ___________________ units ________


Z Component: ___________________ units ________

C-4  Electric Field, Electric Potential, Electric Potential Energy (24 points) 

The charge configuration shown below is a square of side length 1.0 cm with a point charge on each corner.  The “X” shown is at the center of the square.  Calculate the following quantities at the center of the square: Electric field (horizontal and vertical components) and electric potential assuming electric potential is zero at infinity.  Calculate the potential energy of the configuration.

[image: image81.wmf]F
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Electric Field Horizontal Component at Center: ________________________ units ________

Electric Field Vertical Component at Center:     ________________________ units ________

Electric Potential at Center:                                ________________________ units ________

Potential Energy of Charge Configuration:        ________________________ units ________

C-5  Accelerated Charged Particle Entering a Magnetic Field (24 points) 

An unknown charged particle is accelerated from rest in an electric field.  The potential difference is –1.000 x 105 Volts.  (From this we infer that its charge is positive.)  It is observed in a bubble chamber to travel in a circular path with a radius of 3.066 cm.  The magnetic field in the chamber is 0.500 T at a right angle to the particle’s path.  What is the speed of the particle?


speed: ________________________________________ units _________
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Useful Constants

(You can use the approximate values on tests.)

Universal Gravitation Constant
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Electrostatic Force Constant

[image: image69.wmf]9

2

2

9

0

10

0

.

9

C

m

N

10

987551788

.

8

4

1

+

-

+

´

»

´

=

e

p


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: image75.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 Zoner.Draw.Document  ���





� EMBED Zoner.Draw.Document  ���








� EMBED Zoner.Draw.Document  ���





� EMBED Zoner.Draw.Document  ���














2

[image: image82.wmf][image: image83.wmf]F

r

[image: image84.wmf][image: image85.wmf]m

2

m

1

T

T

q

[image: image86.wmf]W

r

o

n

g

 

A

n

s

w

e

r

 

+

 

N

o

 

F

r

e

e

-

B

o

d

y

 

D

i

a

g

r

a

m

s

 

=

N

o

 

P

a

r

t

i

a

l

 

C

r

e

d

i

t

[image: image87.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

_1095249496.unknown

_1095432249.unknown

_1105874362.unknown

_1112081144.unknown

_1132215921

_1132235925.bin

_1132254716.unknown

_1132256148.unknown

_1132248059.unknown

_1132248454.unknown

_1132237544.bin

_1132222500.unknown

_1132225874.unknown

_1132221030.unknown

_1112082219.unknown

_1112082226.unknown

_1112082232.unknown

_1112082223.unknown

_1112081152.unknown

_1110737652.unknown

_1112080781.unknown

_1112081036.unknown

_1112080766.unknown

_1110737553.unknown

_1110737595.unknown

_1110737617.unknown

_1110737540.unknown

_1098022334.unknown

_1098551757.unknown

_1099908614.unknown

_1099908634.unknown

_1099908699.unknown

_1099908596.unknown

_1098551705.unknown

_1098551733.unknown

_1098022335.unknown

_1095768394.unknown

_1098019203.unknown

_1098019506.unknown

_1095971047.unknown

_1095432267.unknown

_1095253536.unknown

_1095254299.unknown

_1095254851.unknown

_1095255442.unknown

_1095255551.unknown

_1095255560.unknown

_1095255011.unknown

_1095254791.unknown

_1095253678.unknown

_1095253707.unknown

_1095253636.unknown

_1095253066.unknown

_1095253223.unknown

_1095253503.unknown

_1095253103.unknown

_1095250456.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

