Name  _______________________________________________________________________


Final Exam

Physics I

Spring 2005

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
60


B-1
20


B-2
20


C-1
20


C-2
20


C-3
20


C-4
20


C-5
20


Total
200


_____ 1    M/R 8-10 (Bedrosian)

_____ 2    M/R 10-12 (Washington)

_____ 3    M/R 10-12 (Shannon)

_____ 4    M/R 12-2 (Bedrosian)

_____ 5    M/R 2-4 (Bedrosian)

_____ 7    M/R 4-6 (LaGraff)

_____ 9    T/F 10-12 (Yamaguchi)

_____ 10  T/F 10-12 (Wilke)

_____ 11  T/F 12-2 (Korniss)

_____ 12  T/F 2-4 (Wilke)

_____ 14  M/R 12-2 (Shannon)

_____ 15  T/F 12-2 (Yamaguchi)

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.

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

_______1.
An object is thrown vertically upward into the air. Which of the following five graphs represents the velocity (v) of the object as a function of the time (t)?  Neglect air resistance and take the positive direction as up.


[image: image107.wmf]B
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_______2.
Which equation number on the Formula Sheet best expresses the Work-Kinetic Energy Theorem?

_______3.
Particles A and B start from rest and are subjected to the same force over the same time.  Which particle has the greater kinetic energy at the end of the time interval?

A)
Particle A.

B)
Particle B.

C)
Both have the same kinetic energy.

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

[image: image1.png]


_______4.
In the pulley system shown to the right (“Atwood’s Machine”), the weight of the smaller mass is 3 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?

A)
9 N.

B)
6 N.

C)
4 N.

D)
3 N.

E)
2 N.

Questions 5-10 refer to the figure shown below and the directions given as A-I.  At the instant shown, the fan is rotating at –2 rad/s (clockwise as seen from the front).  It is slowing down with a constant angular acceleration of +4 rad/s2.  The questions refer to directions of six vector quantities at the instant shown in the figure.  Take the center of rotation as the origin of the coordinate system.
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A)
.

B)
.

C)
.

D)
.

E)
.

F)
(.

G)
Out of the page.

H)
Into the page.

I)
Direction is undefined because the quantity is zero or insufficient information was given.

_______5.
What is the direction of the angular velocity vector 
[image: image2.wmf])

(

w

r

 of the fan?
_______6.
What is the direction of the angular momentum vector 
[image: image3.wmf])

L

(

r

 of the fan?
_______7.
What is the direction of the angular acceleration vector 
[image: image4.wmf])

(
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r

 of the fan?
_______8.
What is the direction of the net torque vector 
[image: image5.wmf])

(

t

r

 acting on the fan?
_______9.
What is the direction of linear velocity 
[image: image6.wmf])

v

(

r

 at point X on the tip of the fan blade?
Note: “Linear” velocity is motion measured in m/s.
_______10.
What is the direction of linear acceleration 
[image: image7.wmf])
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 at point X on the tip of the fan blade?  Note: “Linear” acceleration is the acceleration we refer to in “
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_______11.
The figure below shows an electron moving in the +X direction in a region where the electric field (E) points in the –Z direction (into the page).
What is the direction of the electric force on the electron?

[image: image93.wmf]3
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_______12.
The figure below shows an electron moving in the +X direction in a region where the magnetic field (B) points in the –Z direction (into the page).
What is the direction of the magnetic force on the electron?
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______ 13.
Two electrons, A and B, are moving in respective circles the X,Y plane in a region where the magnetic field is in the +Z direction, as shown below.  The magnetic force is the only force.  Which electron takes longer to make one complete circle?
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A)
Electron A.

B)
Electron B.

C)
Both take the same time.

D)
Not enough information was given to determine which one.

_______14.
An electron moves from point A to point B while acted on by a static (not changing in time) electric field 
[image: image9.wmf]E

r

.  Which choice below is a correct statement about the electric force on the electron?

A)
If the electron did not change its kinetic energy moving from point A to point B, the electric force is a conservative force; otherwise it is not a conservative force.
B)
If the electric field is uniform (not changing with position in space), the electric force is a conservative force; otherwise it is not a conservative force.
C)
If the electric field is always at a right angle to the velocity of the electron, the electric force is a conservative force; otherwise it is not a conservative force.
D)
The force on a charged particle from a static electric field is always a conservative force.

_______15.
A charged sphere of mass M with positive charge +Q is at rest in a uniform electric field in the horizontal direction (to the right) with magnitude E.  There is a uniform magnetic field in the positive vertical (up) direction with magnitude B.  The sphere is attached to a string with tension T.  There is zero net force on the sphere.  Let g be the acceleration constant of gravity.  Which free-body diagram best corresponds to this situation?
A)  
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E

T

N

M

 

g



B)     
[image: image11.wmf]Q

 

E

T

Q

 

B

M

 

g


C)                     
[image: image12.wmf]Q

 

E

T

M

 

g




D)
[image: image13.wmf]Q

 

E

T

M

 

g


E)  
[image: image14.wmf]Q

 

E

T

M

 

g


B-1 – Cart in Motion on a Track with Constant Force – 20 Points

[image: image15.wmf]Push 

on cart (not on force 

probe)

  and release--keep 

hand out of way of motion 

detector 


In the illustration above, the student releases the cart at t = 0.00 s when the cart is 1.00 m from the motion detector.  A constant force is applied by the string tension after the push.  The cart reaches its closest point 0.50 m from the motion detector at t = 1.00 s.  Neglect friction.  Plot x (displacement measured from the detector), v (velocity), and a (acceleration) versus time from after the student releases the cart at t = 0.00 until t = 2.00 s.  Show the following information:

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 = 1.00, and t = 2.00 s.  (Note: x = 1 at t = 0!)
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B-2 – 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 electron’s kinetic energy (KE) is shown below as it travels from d = 0 cm to d = 100 cm.  Note that the electron has the same KE at d = 0 as it does at d = 100 cm.  Calculate and plot graphs of the electron’s potential energy (PE) and the electric potential as functions of position along the electron’s path.  Assume both PE and electric potential start at zero at d = 0.  Be sure to include:

1.  Shape of the curve(s).

2.  Minimum and maximum points.

3.  Clearly labeled axes.
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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: At the Circus Part One (20 Points)

A circus performer initially at rest stands on a platform holding a rope that is 4.9 m long connected to a pivot point at the same height.  He then drops off the platform and swings down holding the rope.  How fast is he moving at the bottom of the arc?

Use g = 9.8 m/s2, neglect air resistance, and consider the rope massless and non-stretchable.
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Final speed: ____________________________________________________ units _________

C-2: At the Circus Part Two (20 Points)

A circus performer swinging on a rope lets go at the bottom of the arc.  Just before he lets go, he is moving at 9.8 m/s and he is 19.6 m vertical distance above the surface of a tank of water, which has been placed a horizontal distance d meters ahead of where he lets go of the rope.  What should distance d be so that the performer falls into the center of the tank of water?

Use g = 9.8 m/s2 and neglect air resistance.
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Horizontal distance d: ______________________________________________ units _________

C-3: Shooting Gallery (20 Points)

A shooting gallery target consists of a horizontal rod of length 0.50 m and mass 0.24 kg, with two 0.050 kg wooden blocks on the ends.  The rod is free to rotate around its center in a horizontal plane.  A bullet of mass 0.0065 kg hits one of the wooden blocks at 60° with speed 960 m/s as shown below and becomes embedded inside.

What is the final rotation speed of the target?

The target is initially at rest.  Neglect friction.  Gravity is not a factor in this problem.

You will need this formula: Irod = 1/12 M L2 for a rod of length L rotating around its center.
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Treat the wooden blocks and bullet as point masses.


Rotation speed: _______________________________________________ units _________

C-4: Electric Field from Two Point Charges (20 Points)

What is the total electric field at the vertex (“Point A”) of the equilateral triangle shown below?  The two point charges at the lower vertices are both –2.0 x 10–9 C.
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Electric Field X Component: __________________________________ units ________


Electric Field Y Component: __________________________________ units ________

C-5: Potential Energy of a Charge Configuration (20 Points)

The configuration shown below consists of three point charges at the vertices of an equilateral triangle with side lengths of 0.6 m.  There are two –2.0 x 10–9 C charges and one +1.0 x 10–9 C charge.  What is the potential energy of this configuration, assuming the potential energy of charges infinitely far apart is zero?

[image: image98.png]



Potential Energy of the Configuration: ______________________________ units ________

Formula Sheet for Homework and Exams – Page 1 of 2

1.

[image: image20.wmf](

)

0

0

t

t

a

v

v

-

+

=


2.

[image: image21.wmf]2

0

2

1

0

0

0

)

t

t

(

a

)

t

t

(

v

x

x

-

+

-

+

=


3.

[image: image22.wmf])

t

t

)(

v

v

(

x

x

0

0

2

1

0

-

+

+

=


4.

[image: image23.wmf]2

0

2

1

0

0

)

t

t

(

a

)

t

t

(

v

x

x

-

-

-

+

=


5.

[image: image24.wmf](

)

0

2

0

2

x

x

a

2

v

v

-

+

=


6.

[image: image25.wmf]a

m

F

F

net

r

r

r

=

º

å


7.

[image: image26.wmf]v

r

2

T

p

=


8.

[image: image27.wmf]r

r

v

a

2

2

l

centripeta

w

=

=


9.

[image: image28.wmf]l

centripeta

radial

a

a

-

=


10.

[image: image29.wmf]v

m

p

r

r

º


11.

[image: image30.wmf]t

d

p

d

F

F

net

r

r

r

=

º

å


12.

[image: image31.wmf]p

dt

F

J

net

r

r

r

D

=

º

ò


13.

[image: image32.wmf]å

=

i

p

P

r

r


14.

[image: image33.wmf]å

=

ext

F

t

d

P

d

r

r


15.

[image: image34.wmf]å

=

i

m

M


16.

[image: image35.wmf]å

=

i

i

cm

x

m

M

1

x



[image: image36.wmf]å

=

i

i

cm

y

m

M

1

y


17.

[image: image37.wmf]cm

v

M

P

r

r

=


18.  
[image: image38.wmf]z

z

y

y

x

x

b

a

b

a

b

a

)

cos(

b

a

b

a

+

+

=

f

=

×

r

r

r

r


19.

[image: image39.wmf]d

F

W

r

r

×

=


20.

[image: image40.wmf]ò

×

=

x

d

F

W

r

r


21.

[image: image41.wmf])

v

v

(

m

v

m

K

2

y

2

x

2

1

2

2

1

+

=

=


22.

[image: image42.wmf]net

i

f

W

K

K

=

-


23.

[image: image43.wmf]ò

×

-

=

x

d

F

U

cons

r

r


24.

[image: image44.wmf])

y

y

(

g

m

U

0

g

-

=


25.

[image: image45.wmf]2

0

2

1

s

)

x

x

(

k

U

-

=


26.

[image: image46.wmf]cons

non

W

U

K

-

=

D

+

D


27.

[image: image47.wmf]r

s

q

=


28.

[image: image48.wmf]r

v

tangential

w

=


29.

[image: image49.wmf]r

a

tangential

a

=


30.

[image: image50.wmf](

)

0

0

t

t

-

a

+

w

=

w


31.

[image: image51.wmf]2

0

2

1

0

0

0

)

t

t

(

)

t

t

(

-

a

+

-

w

+

q

=

q


32.

[image: image52.wmf])

t

t

)(

(

0

0

2

1

0

-

w

+

w

+

q

=

q


33.

[image: image53.wmf]2

0

2

1

0

0

)

t

t

(

)

t

t

(

-

a

-

-

w

+

q

=

q


34.

[image: image54.wmf](

)

0

2

0

2

2

q

-

q

a

+

w

=

w


35a.

[image: image55.wmf])

sin(

b

a

b

a

f

=

´

r

r

r

r


35b.

[image: image56.wmf](

)

(

)

(

)

k

ˆ

b

a

b

a

j

ˆ

b

a

b

a

i

ˆ

b

a

b

a

b

a

x

y

y

x

z

x

x

z

y

z

z

y

-

+

-

+

-

=

´

r

r


36.

[image: image57.wmf]å

=

2

i

i

r

m

I


37.

[image: image58.wmf]2

2

1

rot

I

K

w

=


38.

[image: image59.wmf]ò

q

×

t

=

r

r

d

W


39.

[image: image60.wmf]F

r

r

r

v

´

=

t


40.

[image: image61.wmf]t

d

L

d

I

r

r

v

=

a

=

t

å


41.

[image: image62.wmf]p

r

r

r

v

´

=

l


42.

[image: image63.wmf]å

=

i

L

l

v

r


43.

[image: image64.wmf]w

=

r

r

I

L


44x.

[image: image65.wmf]after

,

x

,

2

2

after

,

x

,

1

1

before

,

x

,

2

2

before

,

x

,

1

1

v

m

v

m

v

m

v

m

+

=

+


44y.

[image: image66.wmf]after

,

y

,

2

2

after

,

y

,

1

1

before

,

y

,

2

2

before

,

y

,

1

1

v

m

v

m

v

m

v

m

+

=

+


44z.

[image: image67.wmf]after

,

z

,

2

2

after

,

z

,

1

1

before

,

z

,

2

2

before

,

z

,

1

1

v

m

v

m

v

m

v

m

+

=

+


45a.

[image: image68.wmf]i

,

2

2

1

2

i

,

1

2

1

2

1

f

,

1

v

m

m

m

2

v

m

m

m

m

v

+

+

+

-

=


45b.

[image: image69.wmf]i

,

2

2

1

1

2

i

,

1

2

1

1

f

,

2

v

m

m

m

m

v

m

m

m

2

v

+

-

+

+

=


Formula Sheet for Homework and Exams – Page 2 of 2

46a.

[image: image70.wmf]2

2

1

r

m

m

G

|

F

|

=

r


46b.

[image: image71.wmf]r

ˆ

r

m

m

G

F

2

2

1

=

r


47a.

[image: image72.wmf]2

2

1

0

r

|

q

|

|

q

|

4

1

|

F

|

e

p

=

r


47b.

[image: image73.wmf])

r

ˆ

(

r

q

q

4

1

F

2

2

1

0

-

e

p

=

r


48a.

[image: image74.wmf]2

i

i

0

i

r

|

q

|

4

1

|

E

|

e

p

=

r


48b.

[image: image75.wmf]å

-

e

p

=

)

r

ˆ

(

r

q

4

1

E

i

2

i

i

0

r


49.

[image: image76.wmf]E

q

F

r

r

=


50.

[image: image77.wmf]å

e

p

=

i

i

0

r

q

4

1

V


51.

[image: image78.wmf]V

q

U

=


52.

[image: image79.wmf]ò

×

-

=

x

d

E

V

r

r


53x.

[image: image80.wmf]x

V

E

x

¶

¶

-

=


53y.

[image: image81.wmf]y

V

E

y

¶

¶

-

=


54.

[image: image82.wmf]B

v

q

F

r

r

r

´

=


55.

[image: image83.wmf]B

q

v

m

r

=


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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