College Physics 2010-80
Exam 3



Name___________________________________
1. [20%] During a severe storm in Palm Beach, Fla., in January 1999, 30 inches of rain fell in a period of nine hours. Assuming that the raindrops hit the ground with a speed of 14 m/s, estimate the average upward force exerted by one square meter of ground to stop the falling raindrops during the storm. (Note: One cubic meter of water has a mass of 1000 kg.)
[ANS] Impulse-Momentum Theorem:   ΔP=I,

Assuming upward to be the positive direction,

Impulse I = F*Δt    

where F = F_upward_average_per_area * A_area and Δt=9*3600s 
Momentum changes ΔP=m ΔV 
where m = density * volume = 1000*30*0.0254*A_area kg and  ΔV=(0-(-14))=14m/s

Now we have,    ΔP=(1000*30*0.0254*A_area)* 14 = I = F_upward_average_per_area*A_area * Δt
Therefore, F_upward_average_per_area = (1000*30*0.0254*14)/(9*3600) = 0.329 N/m2
2. [20%] A bullet with a mass m = 8.1 g and an initial speed v0 = 326 m/s is fired into a ballistic pendulum. What mass must the bob have if the bullet-bob combination is to rise to a maximum height of 0.134 m after the collision?
[ANS] Two stages process: (a) complete inelastic collision (b) energy conservation process

(a) Pi = Pf

Pi=m_bullet*vinitial,bullet = 0.0081*326
Pf = (m_bullet + m_pendulum)*vfinal,bullet+pendulum
(b) Ei=Ef

Ei=1/2*(m_bullet+m_pendulum)*vfinal,bullet+pendulum* vfinal,bullet+pendulum
Ef=(m_bullet+m_pendulum)*g*hmax
Therefore ,
vfinal,bullet+pendulum=sqrt(2*g*hmax​)=1.62m/s

Plug into (a)


0.0081*326 = (0.0081+m_pendulum)*1.62

We have,

m_pendulum = 0.0081*326/1.62-0.0081=1.62 kg
3. [20%] The rotor in a centrifuge has an initial angular speed of 400 rad/s. After 7.4 s of constant angular acceleration its angular speed has increased to 590 rad/s. (a) During this time, what was the angular acceleration of the rotor? (b) What was the angle through which it turned?
[ANS] N/A
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4. [20%] When you arrive at Duke's Dude Ranch, you are greeted by the large wooden sign shown in the figure below. The left end of the sign is held in place by a bolt, the right end is tied to a rope that makes an angle of θ = 35.2° with the horizontal. (a) If the sign is uniform, 3.20 m long, and has a mass of 23.7 kg, what is the tension in the rope? (b) What are the horizontal and vertical components of the force, F, exerted by the bolt? 
[ANS] N/A
5. [20%] After getting a drink of water, a hamster jumps onto an exercise wheel for a run. A few seconds later the hamster is running in place with a speed of 1.8 m/s. Find the work done by the hamster to get the exercise wheel moving, assuming it is a hoop of radius 0.14 m and mass 7.3 g.
[ANS] Work-energy Theorem:   ΔK=c
W=ΔK=Kfinal-Kinitial=K​wheel=1/2*0.0073*1.8*1.8=0.0118J

Since every piece of the wheel has the same speed v, the total kinetic energy is simply K=1/2*m*v*v
MULTIPLE CHOICE. [5% each. Multiple selections allowed]
1) 


In a collision between two unequal masses, how does the impulse imparted to the smaller mass by the larger mass compare with the impulse imparted to the larger mass by the smaller one? 


1) 


_______ 

A) 


It is smaller. 

B) 


It is larger. 

C) 


They are equal. 

D) 


The answer depends on the ratio of the masses. 

E) 


The answer depends on how fast they are moving. 

2) 


A freight car moves along a frictionless level railroad track at constant speed.  The freight car is open on top.  A large load of coal is suddenly dumped into the car.  What happens to the speed of the freight car? 


2) 


_______ 

A) 


It increases. 

B) 


It becomes zero. 

C) 


It remains the same. 

D) 


It decreases. 

E) 


Cannot be determined from the information given. 

3) 


A 2.0-m rope is lying on a table. You pick up one end and start raising it. How high above the table is the center of mass of the rope when half of the rope has lifted off the table? 


3) 


_______ 

A) 


0.50 m 


B) 


1.5 m 


C) 


1.0 m 


D) 


0.75 m 


E) 


0.25 m 

4) 


A water rocket built from a two-liter bottle half-filled with water pressurized with compressed air can develop a thrust of 300 N. At what rate would water have to come out of the rocket to develop that thrust? The jet of water emerging from the bottle has a diameter of 2.20 cm and the density of water is 1000 kg/[image: image5.png]


. 


4) 


_______ 

A) 


32.1 kg/s 


B) 


2.70 kg/s 


C) 


21.4 kg/s 


D) 


5.30 kg/s 


E) 


10.7 kg/s 

5) 


A boy and a girl are riding on a merry-go-round that is turning. The boy is twice as far as the girl from the merry-go-round's center. If the boy and girl are of equal mass, which statement is true about the boy's moment of inertia with respect to the axis of rotation? 


5) 


_______ 

A) 


His moment of inertia is 4 times the girl's. 

B) 


His moment of inertia is twice the girl's. 

C) 


The moment of inertia is the same for both. 

D) 


The boy has a greater moment of inertia, but it is impossible to say exactly how much more. 

E) 


The boy has a smaller moment of inertia, but it is impossible to say exactly how much smaller. 

6) 


A disk and a hoop of the same mass and radius are released at the same time at the top of an inclined plane. Which object reaches the bottom of the incline first? 


6) 


_______ 

A) 


The disk 

B) 


The hoop 

C) 


Both reach the bottom at the same time. 

D) 


It depends on the angle of inclination. 

E) 


It depends on the length of the inclined surface. 

7) 


A pulley has an initial angular speed of 12.5 rad/s and a constant angular acceleration of [image: image2.jpg]3.41 rad/s2.



 Through what angle does the pulley turn in 5.26 s? 


7) 


_______ 

A) 


113 rad 


B) 


42.6 rad 


C) 


22.6 rad 


D) 


19.3 rad 


E) 


160 rad 

8) 


A thin hoop with a radius of 10 cm and a mass of 3.0 kg is rotating about its center with an angular speed of 3.5 rad/s. What is its kinetic energy? 


8) 


_______ 

A) 


0.53 J 


B) 


0.96 J 


C) 


0.092 J 


D) 


1.05 J 


E) 


0.18 J 

9) 


Angular momentum cannot be conserved if 


9) 


_______ 

A) 


the angular velocity changes. 

B) 


the angular acceleration changes. 

C) 


there is a net force on the system. 

D) 


the net torque is not zero. 

E) 


the moment of inertia changes. 

10) 


A figure skater is spinning slowly with arms outstretched. She brings her arms in close to her body and her moment of inertia decreases by 1/2. Her angular speed increases by a factor of 


10) 


______ 

A) 
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. 


B) 


1/2. 


C) 


4. 


D) 


2. 


E) 


1 

11) 


To determine the location of the center of mass of a car, the car is driven over a scale. When the front wheels are over the scale, the weight recorded by the scale is 5800 N, and when the rear wheels are over the scale, the scale reads 6500 N. The distance between the front and rear wheels is 3.20 m. How far behind the front wheels is the center of mass located? 


11) 


______ 

A) 


1.69 m 


B) 


1.72 m 


C) 


0.845 m 


D) 


1.59 m 


E) 


1.50 m 

12) 


A chain, 10.0 m in length and with a mass of 3.00 kg/m but negligible thickness, is wrapped around a spool with a radius of 25.0 cm and a moment of inertia (not including the chain) of 0.360 kg∙[image: image4.jpg]mz



. With 1.00 m of chain hanging over the side, the spool is released so that it can turn freely about its axle. What is the angular speed of the spool at the moment that 5.00 m of chain are hanging over the side? 


12) 


______ 

A) 


19.4 rad/s 


B) 


22.1 rad/s 


C) 


44.3 rad/s 


D) 


17.8 rad/s 


E) 


8.90 rad/s 

1) 


C 


2) 


D 


3) 


E 


4) 


E 


5) 


A 


6) 


A 


7) 


A 


8) 


E 


9) 


D 


10) 


D 


11) 


A 


12) 


D 


