	PHY 105

Final Exam
	Name: ____________________

December 13, 2002


You must do the first two problems and choose six of the remaining eight. 

Show your work.  Provide your reasoning.  Say what you would do to solve a given part even if you do not have all the necessary information.  Draw diagrams!  Don’t forget units! 

	Some equations

	
[image: image1.wmf]t

x

v

av

D

D

=


	
[image: image2.wmf]2

2

1

0

0

)

(

t

a

t

v

x

t

x

x

x

+

+

=


	
[image: image3.wmf]a

m

F

=


	
[image: image4.wmf]1

)

(

-

=

n

n

nx

x

dx

d



	
[image: image5.wmf]dt

dx

t

v

=

)

(


	
[image: image6.wmf]t

a

v

t

v

x

x

x

+

=

0

)

(


	
[image: image7.wmf]2

2

y

x

A

A

A

+

=


	
[image: image8.wmf]c

n

x

dx

x

n

n

+

+

=

+

ò

1

1

  
[image: image9.wmf]1

-

¹

n



	
[image: image10.wmf]t

v

a

av

D

D

=


	
[image: image11.wmf]x

a

v

v

D

+

=

2

2

0

2


	
[image: image12.wmf]2

2

1

mv

E

kin

=


	
[image: image13.wmf]mgh

E

grav

=



	
[image: image14.wmf]dt

dv

t

a

=

)

(


	
[image: image15.wmf]a

ac

b

b

x

2

4

2

-

±

-

=


	
[image: image16.wmf]2

2

1

kx

E

spring

=


	
[image: image17.wmf]s

d

F

W

r

r

×

=

ò



	
[image: image18.wmf]r

v

w

=


	
[image: image19.wmf]r

r

v

a

2

2

w

=

=


	
[image: image20.wmf]T

p

w

2

=


	
[image: image21.wmf]dt

dE

v

F

P

=

×

=

r

r



	
[image: image22.wmf]kx

F

spring

-

=


	
[image: image23.wmf]Const

v

gh

P

=

+

+

2

2

1

r

r


	
[image: image24.wmf]2

2

1

1

v

A

v

A

=


	
[image: image25.wmf]Vg

F

w

Buoy

r

=



	
[image: image26.wmf]r

v

w

=


	
[image: image27.wmf]3

3

4

r

V

sphere

p

=


	
[image: image28.wmf]N

F

k

s

,

m

=


	
[image: image29.wmf]A

F

P

=



	
[image: image30.wmf]q

r

x

=


	
[image: image31.wmf]h

r

V

cyl

2

p

=


	
[image: image32.wmf]r

C

p

2

=


	
[image: image33.wmf]2

r

A

p

=



	
[image: image34.wmf]r

a

a

=


	
[image: image35.wmf]t

t

a

w

w

+

=

0

)

(


	
[image: image36.wmf]q

a

w

w

D

+

=

2

2

0

2

f


	
[image: image37.wmf]2

0

0

2

1

)

(

t

t

t

a

w

q

q

+

+

=




1. Calculate the center of mass of the individual objects (tree and dradle). Then calculate the center of mass of the combination. Make all measurements relative to the lower left-hand corner.  The squares are 2cm ( 2cm, all shaded squares have the same mass, and un-shaded squares have no mass.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


2. High-speed photography shows that the head of a 250-g golf club is traveling at 45.0 m/s just before striking a 55.0-g golf ball that was resting on a tee.  The club and ball are in contact for 1.80 milliseconds. After the collision, the club head travels (in the same direction) at 35.0 m/s.  

A. Find the speed of the golf ball just after impact.  

B. Calculate the average force exerted on the ball by the club.  

C. Determine the change in mechanical energy during this collision.   

3. The two masses shown below are attached by a light string, which passes over a frictionless pulley.  The mass on the incline is 50 kg; the mass hanging is 20 kg.  The angle between the incline and the horizontal is 35(.  The coefficient of kinetic friction is (k=0.210.  

A. Find the resulting acceleration of the 20-kg block.

B. Find the tension in the string. 







4. You pop the cork off a bottle of champagne to celebrate finishing Physics 105.  The top of the bottle was 1.20 m higher than the ground, and the bottle was tilted 20( from the vertical.  The cork leaves the bottle with a speed 5.4 m/s.  

A. What is the highest height (measured from the floor) the cork reaches? 

B. How far from the bottle is the cork when it hits the ground?
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5. A motorcycle policeman hidden at an intersection observes a car that ignores a stop sign, crosses the intersection, and continues on at constant speed. The policeman starts off in pursuit 1.5 s after the car passed the stop sign, accelerates at 6.2 m/s2 until his speed is 120 km/h, and then continues at this speed until he catches the car. At that instant, the car is 1.50 km from the intersection.  How fast was the car going? 

6. Determine the tension in a 60-cm long pendulum when a bob of mass 150g moving at 0.7m/s is 15( from the vertical.  What will be the speed of the bob when it is at the bottom of the swing? 

7. In the figure shown below, the pulleys are frictionless and the weights are in equilibrium.  If the mass of M1 is 20 kg, find the masses of the other two objects M2 and M3 as well as the tensions in the ropes Ta and Tb. 

 


  


8. A bubble of Rn gas with radius 0.6 cm is introduced on the floor of a 4.0-m deep pool.  Spherical objects experience a drag force that is given by the formula 0.34 (Av2, where ( is the density of the fluid through which the object moves, A is the cross-sectional area (a circle with the same radius as the sphere) and v is the speed.  (Take the density of Rn gas to be 9.7 kg/m3.) 

A. What is the initial acceleration of the air bubble (when it is released)?

B. Calculate the speed of the rising bubble assuming it has reached its terminal velocity.   

9.  The pipe shown below has a diameter of 20 cm at section 1 and 12 cm at section 2.  At section 1 the pressure is 220 kPa.  Point 2 is an average of 3.2 m higher than point 1.  Oil, which has a density 800 kg/m3, is flowing through the pipe at a rate of 0.040 m3/s.  

A. Find the pressure at point 2. 

B. If the pipe empties into a 2000-liter vat, how long will it take to fill the vat? (1cm3=1 milliliter)

  







10. A 65.0-kg bungee jumper steps off of a 50.0-m high crane.  The un-stretched bungee cord is 20.0 meters. The closest the bungee jumper gets to the ground is 2.00 m. 

a) What is the force constant k of the bungee cord (ideal spring)?

b) At what height above the ground, if any, is the jumper’s acceleration zero?    
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