Name  _______________________________________________________________________


Final Exam

Physics I

Fall 2004

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.

Questions
Value
Score

Part A
60


Part B
20


C-1
20


C-2
20


C-3
20


C-4
20


C-5
20


Part D
20


Total
200


Section # 

_____ 1    M/R 8-10 (Bedrosian)

_____ 2    M/R 10-12 (Wetzel)

_____ 3    M/R 12-2 (Wetzel)

_____ 5    T/F 10-12 (Bedrosian)

_____ 6    T/F 12-2 (Cummings)

_____ 7    T/F 2-4 (Cummings)

_____ 8    M/R 2-4 (Schroeder)

_____ 10  M/R 12-2 (Bedrosian)

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 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 – Multiple Choice – 60 Points Total (15 at 4 Points Each)

For questions 1-4, please refer to the figure below.  Two trains, A and B, start at rest at t = 0 in a rail yard and move in one direction following parallel straight tracks for 20 seconds.  Both trains experience the same net force as shown in the graph below.  Train B has more mass than train A.


[image: image104.wmf]B
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_______1.
Which train has the greater displacement from t = 0 to t = 20 seconds?

A)
Train A.

B)
Train B.

C)
Both have the same displacement.

D)
There is not enough information to decide which one.

_______2.
Which train has the greater magnitude of (linear) momentum at t = 20 seconds?

A)
Train A.

B)
Train B.

C)
Both have the same magnitude of linear momentum.

D)
There is not enough information to decide which one.

_______3.
Which train has the greater kinetic energy at t = 20 seconds?

A)
Train A.

B)
Train B.

C)
Both have the same kinetic energy.

D)
There is not enough information to decide which one.

_______4.
Which train has the greater magnitude of angular momentum at t = 20 seconds?

A)
Train A.

B)
Train B.

C)
Both have the same magnitude of angular momentum.

D)
There is not enough information to decide which one.

_______5.
In the pulley system shown to the right (“Atwood’s Machine”), the weight of the smaller mass is 2 N and the weight of the larger mass is 6 N.  Assume the rope and pulley are frictionless and massless.  The masses are released from rest and begin accelerating.  What is the magnitude of the tension in the rope when the masses are accelerating?
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A)
2 N.

B)
3 N.

C)
4 N.

D)
6 N.

E)
8 N.

_______6.
Which equation(s) is/are correct Newton’s Second Law equation(s) based on the free-body diagram below?  Select all that apply or put “0” if none are correct.
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_______7.
The diagram below shows two pennies, A and B, glued to a rotating turntable.  The axis of rotation is at the center of the turntable, pointing out of the page.
Which penny has greater magnitude of centripetal acceleration?
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A)
Penny A.

B)
Penny B.

C)
Both have the same magnitude
of centripetal acceleration.

D)
There is not enough information
to decide which one.

_______8.
What are correct SI units for angular momentum?

A)
rad/s.

B)
rad/s2.

C)
kg m/s.

D)
kg m/s2.

E)
kg m2/s.

_______9.
The figure below shows a point particle moving in the +X direction in the XY plane.  What is the direction of its angular momentum about the origin (“+”)?
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A)
+X.

B)
–X.

C)
+Y.

D)
–Y.

E)
+Z.

F)
–Z.

______ 10.
A satellite in space spinning on its axis uses its internal motors to unfold its solar panels as shown in the figure below, so that in the final position its solar panels are farther from the axis of rotation than in the initial position.  During the unfolding of the solar panels, which quantity below is conserved (stays constant)?

I. [image: image93.wmf]B

A

Rotational inertia.
J. Angular velocity.
K. Angular momentum.
L. Rotational kinetic energy.
_______11.
An object moves from point A to point B while acted on by force 
[image: image11.wmf]F

r

.
Which condition below determines whether 
[image: image12.wmf]F

r

 is a Conservative Force?

A)

[image: image13.wmf]F

r

 is an internal force in the system containing the object.

B)
The kinetic energy of the object is the same at point A and point B.

C)
The momentum of the object is the same at point A and point B.

D)
The work done by 
[image: image14.wmf]F

r

 does not depend on the path taken from point A to point B.

_______12.
The figure below shows an electron moving in the +X direction in a region where the electric field (E) points in the +Y direction.
What is the direction of the electric force on the electron?
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A)
+X.

B)
–X.

C)
+Y.

D)
–Y.

E)
+Z.

F)
–Z.

_______13.
The figure below shows an electron moving in the +X direction in a region where the magnetic field (B) points in the +Y direction.
What is the direction of the magnetic force on the electron?
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A)
+X.

B)
–X.

C)
+Y.

D)
–Y.

E)
+Z.

F)
–Z.

_______14.
The figure below shows the respective paths taken by two particles, A and B, in a region containing a constant, uniform magnetic field directed into the plane of motion (into the page).  There is no electric field.  Both particles have charge +e.
What can we correctly conclude about particles A and B?

[image: image96.wmf]v

X

E

e

l

e

c

t

r

o

n

Y

(

Z

 

o

u

t

 

o

f

 

p

a

g

e

)


A)
The mass of A > the mass of B.

B)
The speed of A > the speed of B.

C)
The magnitude of momentum of A >
the magnitude of momentum of B.

D)
The kinetic energy of A >
the kinetic energy of B.

E)
There is not enough information to conclude any of A-D above.

_______15.
If you needed to use the principles of physics to resolve a technical issue on a future project at RPI or later in your career, what would you do?

A)
Use your own knowledge and your copy of Halliday, Resnick, and Walker as a reference.

B)
Search the internet.

C)
Hire an expert consultant.

D)
Ask Professor Bedrosian.

E)
Switch to a different major or a different job that doesn’t require knowledge of physics.

Part B – Graphing – 20 Points Total (Only One Problem)

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 One-Dimensional Motion (20 Points)

An object moves in one dimension (x) according to the velocity graph shown below.  It begins at x = 0 at t = 0.  Plot displacement (x) and acceleration (a) versus time for the object.

Make sure to show the following features.

1. Shapes of the curves.



2. Maximum/minimum points.

3. Values of x at t = 2.0, 4.0, 6.0 and 8.0 s.

4. Values of a at t = 1.0, 3.0, 5.0, and 7.0 s.
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Part C – Problems – 100 Points Total (5 at 20 Points Each)

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  Artillery Practice (20 Points)

A cadet artillery crew fired an explosive shell from their cannon straight up at t = 0.0 s.  Quickly realizing their mistake, they fired a second, identical explosive shell straight up at t = 5.0 s.  The two shells collided in mid-air and exploded at t = 10.0 s.  How high was the explosion?

Use g = 9.8 m/s2 and neglect air resistance.


Height of explosion: _______________________________________________ units _________

C-2  Force as a Function of Time (20 Points)

An object with mass 2.0 kg is moving in the XY plane on a frictionless surface with an initial velocity of 
[image: image16.wmf])
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 m/s.  The object is acted on by a net force from t = 0.0 s to t = 4.0 s with X and Y components as shown in the graphs below.

Show that the velocity of the object at t = 4.0 s is 
[image: image17.wmf])

j

ˆ

0

.

0

i

ˆ

0

.

5

(

+

 m/s.

You will receive zero credit if you attempt to solve this problem using the incorrect assumption that acceleration is constant.
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C-3  Work Done by the Force in C-2 (20 Points)

Calculate the total work done by the force in Problem C-2 from t = 0.0 s to t = 4.0 s.

You will receive zero credit if you attempt to solve this problem using the incorrect assumptions that acceleration is constant, velocity is constant, and/or the object moves in a straight line.


Total work done: _______________________________________________ units _________

C-4  Angular Momentum of Two Particles in Motion (20 Points)

Consider the system of two point masses moving in the XY plane as shown below.  The mass of particle 1 is m1 = 0.001 kg and its velocity is 20 m/s in the +X direction.  The mass of particle 2 is m2 = 0.002 kg and its velocity is 10 m/s in the –X direction.  The origin of the coordinate system is at the center of mass of the two-particle system and the coordinates are in meters.

Find all three components (X,Y,Z) of the angular momentum of the system about the origin.
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Angular Momentum X Component: ____________________________ units ________


Angular Momentum Y Component: ____________________________ units ________


Angular Momentum Z Component: ____________________________ units ________

C-5  Energy of Two Charged Particles in Motion (20 Points)

This question refers to the same system as C-4 with the same particles.  The charge of particle 1 is q1 = –1.0 x 10–5 C and the charge of particle 2 is q2 = +2.0 x 10–5 C.  m1, v1, m2, and v2 are the same as C-4.  The only force in this problem is the electric force due to the two charges.

Find the kinetic energy (K) and potential energy (U) of the two-particle system.

You can check your answers by comparing with the total energy (K+U) given below.
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  Kinetic Energy (K) of the System: ____________________________ units ________


Potential Energy (U) of the System: ____________________________ units ________


Total Energy (K+U) of the System:                          –0.9                 units      J       .
Part D – True/False – 20 Points Total (10 at 2 Points Each)

This part of the exam refers to the problems in Part C.  For each statement about the problems, pick “T” if the statement is correct (true), or “F” if it is incorrect (false).
Put “T” or “F” to the left of the statement number.

_______1.
In C-1, considering the system to be the two shells before the explosion and all of the fragments and explosive gasses after the explosion, and neglecting air resistance, momentum in the horizontal direction is conserved for the system.

_______2.
In C-2, you cannot correctly find the final velocity in the X direction using equation 1 from the formula sheet because force in the X direction is changing.

_______3.
In C-3, you cannot correctly find the work done using equation 19 from the formula sheet because the force is not constant.

_______4.
In C-4 and C-5, the (linear) momentum of the system is conserved.

_______5.
In C-4 and C-5, the center of mass remains stationary (unmoving) at the origin.

_______6.
In C-4 and C-5, the angular momentum of particle 1 is conserved.

_______7.
In C-4 and C-5, the angular momentum of particle 2 is conserved.

_______8.
In C-4 and C-5, the angular momentum of the system is conserved.

_______9.
In C-4 and C-5, the total energy (K+U) of the system is conserved.

_______10.
In C-4 and C-5, there is a maximum distance from the origin that the two particles cannot move beyond.
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Useful Constants

(You can use the approximate values on tests.)

Universal Gravitation Constant
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Charge of a Proton
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Mass of a Proton

[image: image89.wmf]27

27

p

10

67

.

1

kg

10

67262158

.

1

m

-

-

´

»

´

=


Mass of an Electron

[image: image90.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: image97.wmf]f

i

n

a

l

i

n

i

t

i

a

l

[image: image98.wmf]f

i

n

a

l

i

n

i

t

i

a

l

[image: image99.wmf]2

 

N

6

 

N

[image: image100.wmf]v

X

E

e

l

e

c

t

r

o

n

Y

(

Z

 

o

u

t

 

o

f

 

p

a

g

e

)

[image: image101.wmf]o

r

i

g

i

n

(

0

.

0

,

0

.

0

)

v

X

Y

(

0

.

0

,

0

.

5

)

(

Z

 

o

u

t

 

o

f

 

p

a

g

e

)

[image: image102.wmf]A

B

[image: image103.wmf]v

X

B

e

l

e

c

t

r

o

n

Y

(

Z

 

o

u

t

 

o

f

 

p

a

g

e

)

_1095253066.unknown

_1110737652.unknown

_1151493201.unknown

_1163673902.unknown

_1164387329.unknown

_1164390721.bin

_1164706270.bin

_1164741560.unknown

_1164703954.bin

_1164387505.unknown

_1164292704.bin

_1164384620.bin

_1164292128.unknown

_1164292198.unknown

_1164213417.unknown

_1151493244.unknown

_1163158100.bin

_1163161279.unknown

_1159379809.unknown

_1151493233.unknown

_1151492638.unknown

_1151493067.unknown

_1151493132.unknown

_1151493159.unknown

_1151492775.unknown

_1112081152.unknown

_1112082223.unknown

_1112082232.unknown

_1151482765.bin

_1112082226.unknown

_1112082219.unknown

_1112081036.unknown

_1112081144.unknown

_1112080781.unknown

_1112080766.unknown

_1095432249.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

_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

_1095253223.unknown

_1095253503.unknown

_1095253103.unknown

_1095247474.unknown

_1095248813.unknown

_1095249496.unknown

_1095250456.unknown

_1095252187.unknown

_1095252291.unknown

_1095252456.unknown

_1095250596.unknown

_1095249942.unknown

_1095250327.unknown

_1095249716.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

