Name_____________________________________________


Exam #2

Physics I

Fall 2002

If you would like to get credit for having taken this exam, we need your name above and section number below.

Section # 

Questions
Value
Score

Part A


16


B-1 to -5


30


B-6


10


C-1


10


C-2


16


C-3


6


C-4,5,6


12


Total


100


_____ 1    M/TH 8-10 (Bedrosian)

_____ 2    M/TH 10-12 (Hayes)

_____ 3    M/Th 12-2 (Hayes)

_____10   M/Th 12-2 (Sperber)

_____ 8    M/Th 2-4 (Schroeder)

_____ 5    Tu/F 10-12 (Bedrosian)

_____ 6    Tu/F 12-2 (Sperber)

_____ 7    Tu/F 2-4 (Sperber)

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 considered cheating 

on the exam for both parties involved.
The Formula Sheet is the last page.  You can detach it carefully for easier reference if you wish.

Part A – Warm-Ups – 16 Points Total (4 at 4 Points Each)

Choose the best answer in the context of what we have learned in Physics I.

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

_______1.
Two objects collide and we define the initial velocity direction of one of them as the X direction.  Equation 44x on the Formula Sheet cannot be correctly applied when which (if any) of the following conditions are true?

A)  There is a net external force in the X direction that cannot be neglected.

B)  There are net external forces in the Y or Z direction(s) that cannot be neglected.

C)  There is motion in the Y or Z direction(s) during the collision as well as the X direction.

D)  This is an inelastic collision.

E)  Any of the above (A-D) would prevent the equation from being correctly applied.

F)  None of the above; the equation is always correct to use for this collision.

_______2.
In the same collision as above, equations 45a and 45b on the Formula Sheet cannot be correctly applied when which (if any) of the following conditions are true?

A)  There is a net external force in the X direction that cannot be neglected.

B)  There are net external forces in the Y or Z direction(s) that cannot be neglected.

C)  There is motion in the Y or Z direction(s) during the collision as well as the X direction.

D)  This is an inelastic collision.

E)  Any of the above (A-D) would prevent the equations from being correctly applied.

F)  None of the above; the equations are always correct to use for this collision.

_______3.
One of your classmates in Physics 1 is sitting on a stool that rotates on a vertical axle.  She is facing north and puts out her right arm toward where you are standing to the east of her.  You push her arm forward (north) and she begins to spin counter-clockwise as seen from above.  The direction of the torque vector from your push is

A)  North.

B)  South.

C)  East.

D)  West.

E)  Up.

F)  Down.

G)  Clockwise.

H)  Counter-clockwise.

_______4.
An ice skater begins a spin with her arms out.  As she brings her arms in closer to her body, her angular speed increases.  After a few seconds, she extends her arms out again, her angular speed slows back to its original value, and then she breaks out of the spin to complete her performance.  Neglecting the friction of her skates on the ice and air resistance during the spin, what principle of physics should you use to explain the changes in her angular speed?

A)  Conservation of linear momentum.

B)  Conservation of angular momentum.

C)  Conservation of linear kinetic energy.

D)  Conservation of rotational kinetic energy.

E)  None of the above.

Part B – Short Answer – 40 Points Total (5 at 6 Pts. + 1 at 10 Pts.)

Note:  In Parts B and C, you will be asked to list the equation(s) you are using from the Formula Sheet when you calculate the answer to a question.  You should select exactly the equations you are using, and no others, and list them by number where indicated.  (Some vector equations reduce to scalar equations in one dimension – use the same number whether you are using the vector or scalar form.)  This will help you focus your efforts and it will also help us grade your exam quickly and accurately.

For example, if you were given a problem with an object that moves in the X direction for 6 seconds with an initial velocity of -1 m/s and a constant acceleration of +2 m/s2, and you were asked to calculate its X displacement, you would put “2”.  If you took an alternative approach and used “1,3” that would also be a correct answer.

Show all work.

B-1 (6 Points)

An electrical generator takes 1.5 minutes to spin up from 0 to 3,600 r.p.m. (revs. per min.) at a constant angular acceleration.  How many revolutions does it turn while spinning up from 0 to 3,600 r.p.m.?  (1 min = 60 sec, 1 rev = 2 radians)

Equations Used: _____________
Answer: _____________________ units _rev.___

B-2 (6 Points)

During the spin-up in B-1, 200 MJ of work is done on the generator by an external source of torque, neglecting friction.  (No electrical power is generated.)  What is the magnitude of the angular momentum of the generator when it is spinning at 3,600 r.p.m.?  (1 MJ = 1,000,000 J)

(If you want to use values from B-1, you don’t have to show again how you got them.)

Equations Used: _____________
Answer: _____________________ units ________

B-3 (6 Points)

A hockey puck sliding on frictionless ice (the best kind) collides with a second puck that is initially at rest.  Both pucks have the same mass.  Define the +X direction as the direction of the initial velocity of the first puck and +Y as 90º counter-clockwise from +X.  After the collision, the first puck has a velocity of 2.0 m/s in a direction 30º counter-clockwise from +X.  What is the Y component of the velocity of the second puck?  (include + or – sign)

Equations Used: _____________
Answer: _____________________ units ________

B-4 (6 Points)

A force of 5 N is applied to the rim of a wheel at an angle of 30º with respect to the outward radial direction.  The radius of the wheel is 0.3 m.  What is the magnitude of the torque on the wheel?

Equations Used: _____________
Answer: _____________________ units ________

B-5 (6 Points)

As an object with a mass of 3.2 kg moves from X = +3.0 m, Y = +2.0 m to X = +6.0 m, Y = –2.0 m, it experiences a constant force with X component of +4.0 N and Y component of +3.0 N.  How much work does the force do on the object?

Equations Used: _____________
Answer: _____________________ units ________

B-6 (10 Points)
Starship NCC-1701 (call it "E") approaches Space Station DS9 (call it "D") at a constant speed of +1.5 x 108 m/s (about half the speed of light).  Its velocity is in the local +X direction as defined by D's navigation computer.  D's sensors determine that the location of E is –4.0 x 106 km in the X direction and +3.0 x 106 km in the Y direction.  The center of the coordinate system is at D.  (Note that the +Z direction is out of the page.)  The mass of E is 190,000 metric tons.  (1 metric ton = 1,000 kg.)

Neglecting any relativistic effects, what is the angular momentum of E about D?
(If you don’t know what “relativistic effects” are, don’t worry, we are ignoring them!)
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D

Equations Used: _____________
Magnitude: ___________________ units ________


X Component: ________________


Y Component: ________________


Z Component: ________________

Part C – Extended Problem

The note at the beginning of Part B applies to Part C also.

You are on a team of Physics 1 students working on a summer project to develop a lecture demonstration on the topic of conservation of momentum and energy.  You have the following items to work with:

1. A cart similar to the small carts we used in several activities.  It has a magnetic repulsion “bumper” on one end and a strong spring with a trigger on the other end.  The mass of this cart is 1.00 kg and the spring constant of the spring is 5,625 N/m.  Call it “Cart 1”.

2. A second cart like the first except that it has no spring and its mass is 0.50 kg.  Call it “Cart 2”.

3. A track that gradually curves upward at one end until it is nearly vertical (about 75º).

4. A motion sensor and ULI of the type we used in our activities.

Your team decides on the following demonstration:  Cart 1 will be launched by the spring pushing off from a solid block clamped to the end of the track.  Cart 2 is placed about half way down the flat part of the track.  The two carts will collide using their magnetic bumpers.  Your team expects that cart 2 will be propelled forward and eventually head up the curved part of the track, where the motion sensor will track its position.  In order to make sure that the demonstration will work as expected, your team must calculate the maximum vertical height of the center of mass of cart 2 as it heads up the track, making sure that it goes high enough for a good demonstration but not so high that it gets within 50 cm of the motion sensor.

Your physics professor assures you that the friction of the track can be ignored and that the kinetic energy loss in the collision is negligible if you use the magnetic bumpers.
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Figure C-1

C-1  (10 points) 

The spring on Cart 1 is compressed 4 cm, then released to push against the stationary block at the end of the track.  Calculate the velocity, kinetic energy, and momentum of Cart 1 after the spring has finished pushing it but before Cart 1 collides with Cart 2.  Take the positive direction to the right as shown in Figure C-1.  Assume Cart 1 starts at rest before the spring launches it.

Equations Used: ___________________
Kinetic E.: ___________________ units ________


Copy answer to next page →
Velocity: ____________________ units ________


Momentum: __________________ units ________

C-2  (16 points) 

Cart 1 collides with Cart 2 (initially at rest) near the center of the flat part of the track.  Calculate the velocity, kinetic energy, and momentum of each cart after the collision but before Cart 2 starts up the curved part of the track.  You might also find it useful to calculate the sum of the momenta and the sum of the kinetic energies of the two carts, although you will not get (or lose) credit for those numbers.  

If you could not calculate the velocity of Cart 1 in C-1, just guess and use your guess for this question, otherwise copy.  Your score will be based on the number you enter here:

Velocity of Cart 1 before collision: _________________ (no points)

Equations Used: ___________________
Velocity 1: ___________________ units ________


Kinetic E. 1: __________________ units ________


Momentum 1: _________________ units ________


Copy answer to next page →
Velocity 2: ___________________ units ________


Kinetic E. 2: __________________ units ________


Momentum 2: _________________ units ________

Total Kinetic E.: __________________ (no points)

Total Momentum: _________________ (no points)

C-3  (6 points) 

Cart 2 heads up the sloped part of the track.  How high (vertically) does its center of mass reach at the highest point?  Count the center of mass of the cart on the level part of the track as your zero reference.  In this question, we are only interested in the vertical height the cart reaches, not the distance along the track.  (g = 9.8 m/s2)  If you use equations that do not apply to this situation but manage to get the right answer anyway, you will receive no points.
If you could not calculate a velocity for Cart 2 in C-2, just guess and use your guess for this question, otherwise copy.  Your score will be based on the number you enter here:

Velocity of Cart 2 after collision: _________________ (no points)

Equations Used: ___________________
Height: ______________________ units ________

Follow-Up Multiple Choice Questions (3 at 4 Points):

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

______C-4.
Suppose the slope of the far end of the track was decreased to approximately 45º.  How would that affect the maximum vertical height (not distance along the track) reached by Cart 2 (measured at its center of mass)?

A)  Cart 2 would not go as high.

B)  Cart 2 would reach the same height.

C)  Cart 2 would go higher.

______C-5.
Suppose the mass of Cart 1 was changed to 0.50 kg instead of 1.00 kg.  How would the magnitude of its initial momentum and kinetic energy (just after the spring launched it) compare with the original problem?

A)  Higher kinetic energy and higher momentum.

B)  Higher kinetic energy and the same momentum.

C)  Higher kinetic energy and less momentum.

D)  The same kinetic energy and higher momentum.

E)  The same kinetic energy and the same momentum.

F)  The same kinetic energy and less momentum.

G)  Lower kinetic energy and higher momentum.

H)  Lower kinetic energy and the same momentum.

I)  Lower kinetic energy and less momentum.

______C-6.
Suppose the mass of Cart 1 was changed to 0.50 kg instead of 1.00 kg.  How would that affect the maximum vertical height reached by Cart 2?  (Hint: You can figure this out by thinking about conservation of energy and momentum, or do it the long way with another calculation as in problems C-1 to C-3 above.)

A)  Cart 2 would not go as high.

B)  Cart 2 would reach the same height.

C)  Cart 2 would go higher.

Formula Sheet for Exam 2
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