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______________________________________ Name

Multiple Choice (2 points each):

Please circle your answers.
Good luck!  

1) Before an accident of a red and a blue car each car has a momentum of 4000 kg m/s.  If the blue car is more massive than the red car and after the collision the blue car has a momentum of 6000 kg m/s then how much momentum does the red car have after the collision?
a) 10000 kg m/s
b) 6000 kg m/s
c) 4000 kg m/s
d) 2000 kg m/s
2) In which case will momentum NOT be conserved?
a) Rear end collision
b) Head on collision
c) Side impact collision
d) momentum will be conserved in all of these cases
3) A light bulb with a power of 100 Watts is turned on for 10 hours.  How much energy does that light bulb consume?
a) 10 Watt-hours
b) 100 Watt-hours
c) 1000 Watt-hours
d) 90 Watt-hours
4) A 5 kg ball is held high enough above a surface such that its gravitational potential energy is 1000 J.  The ball is then dropped.  Just before the ball hits the ground how much kinetic energy will the ball have?
a) 200 J
b) 1000 J
c) -200 J
d) -1000 J
5) A wheel with a radius of 2 m is given a 500 N force to spin it up.  What is the torque being applied to the wheel?

a) 500 N
b) 250 N / m
c) 1000 N m 
d) We need to know the mass of the wheel to find the Torque.
6) A wheel rotates 10 full circles in 6 seconds.  If the wheel is spinning at a constant angular velocity then what is the angular speed of the wheel?
a) 10.5 radians / second
b) 1.7 radians / second
c) 60  radians / second
d) we would need to know the radius of the wheel to determine this
7) While at rest a 10 kg cannon fires a 3 kg ball at a velocity of 10 m/s.  What will the velocity of the cannon be if you ignore friction?
a) 3 m/s
b) 10 m/s
c) -10 m/s
d) -3 m/s
8) A tall thin building starts to lean.  What will be most important in determining whether the building falls over?
a) What the building is made of
b) The location of the center of mass compared to the support of the building
c) The type of ground the building is built into
d) The building will always fall over regardless of other factors
9) You discover an object orbiting at a distance of 4 AU from the sun.  What is its orbital period?
a) 4 years
b) 2 years
c) 16 years
d) 8 years
10) A red spacecraft has a very eccentric orbit which takes it very close to the sun and then fairly far out.  The average distance is 10 AU.  A blue spacecraft has a perfectly circular orbit at a distance of 10 AU.  Which spacecraft has a SHORTER orbital period?
a) the red spacecraft
b) the blue spacecraft 
c) both spacecraft have an equal period
d) there is no way to calculate the exact orbital periods
SHORT ANSWER: (20 points each)

Be sure to answer every part of every question.  Be sure to label the parts of questions you are answering.  Be sure to show work and include units and directions.

1) A 0.05 kg tennis ball is hit against a wall.  The initial velocity towards the wall is 21 m/s.  After the rebound against the wall the return velocity is 19 m/s AWAY FROM THE WALL.
A) What is the initial momentum of the tennis ball?

B) What is the change in momentum of the tennis ball (watch directions)?
C) If the force against the tennis ball is 200 N away from the wall then what is the collision time?
D) The wall is on wheels on a frictionless surface.  If the mass of the wall is 20 kg then what is the velocity of the wall after the impact?
2) You push a box with a mass of 23 kg along a frictionless surface with a force of 86 N.  The box is pushed a distance of 17 m.
A) What is the work you have done on the box?
B) What is the kinetic energy the box has after you are done pushing it?
C) What is the velocity of the box after you are done pushing it?
D) The box then slides up a ramp.  How high will the box get (vertically above the floor) before the box comes to a stop?
3) NASA has just started planning a mission that will take another space probe to Saturn (10 AU from the sun).
A)  The probe would be put into an orbit around the sun that has Saturn at its furthest point from the sun and the earth at its closest.  What is the orbital period for such an orbit?
B) What is the orbital velocity of Saturn around the sun?
C) If the space craft is 200 kg in mass and Saturn is 1.5 * 1012 m from the sun then what is the gravitation force the sun exerts on the space craft at the orbit of Saturn (the mass of the sun is 2 * 1030 kg)?
D) Suppose we then wanted the probe to escape from the sun.  Ignoring the escape from Saturn how much additional velocity will the probe need to escape from the sun once it reaches Saturn (be sure to answer the change in velocity needed and not what velocity is needed)?
4) Artificial gravity.
One way to combat the lack of gravity during space travel is to create it.  However, we don’t have any Star Trek sort of devices and so we have to use physics.  Imagine two space capsules that are tethered by a rope that is 400 m long (note this is a diameter).  Each capsule rotates around this center.
A) What force will be needed to make a 90 kg astronaut feel that they are on Earth?

B) What linear velocity will be needed to generate the force you need in question A?
C) What angular velocity will be required to generate the linear velocity you found in B?
D) How long will it take to do a complete rotation (hint, how many radians in a full rotation)?

5) Pool Hall Challenge Question!

A “cue” ball rolls along the ground and runs into an “eight” ball which was initially at rest.  The mass of each of the two balls is 0.2 kg.  Each ball has a radius of 0.05 m.  Both of the balls roll together into one of the pockets of the table at a velocity of 2.3 m/s.  Ignoring rotational kinetic energy and friction with the table find:

A) The initial velocity of the “cue” ball.

B) The initial angular velocity of the “cue” ball.

C) The initial kinetic energy of the “cue” ball.

D) When the two balls are touching find the gravitational force the “cue” ball exerts on the “eight” ball (no the answer is not 0 but it is very small).

E) If there IS friction and the force of friction on each ball is -0.3 N then what is the furthest distance the “eight” ball can be from the pocket for it to be able to reach the pocket?

EQUATIONS:

force = mass * acceleration     

acceleration = force / mass
mass = force / acceleration

weight = mass * gravitational acceleration

distance = average velocity * time                

time = distance /  average velocity    

average velocity = change in position / time

acceleration = change in velocity / time


change in velocity = acceleration * time
time = change in velocity / acceleration

distance = 1/2 acceleration * time * time

gravitational acceleration on the surface of the earth = 10 m/s2
change = new – old

momentum = mass * velocity

total momentum = mass * velocity for each object added up

total momentum before collision = total momentum after collision

change in momentum = mass * change in velocity

change in momentum = force * time = mass * change in velocity

work = energy transferred = force * distance

kinetic energy = ½ mass * velocity * velocity

gravitational potential energy = mass * gravity * height

power = work done / time

angular distance = angular velocity * time

velocity (linear) = radius * angular velocity (in radians/second)

angular momentum = inertia * angular velocity

change in angular velocity = angular acceleration * time

Torque = force * distance from rotation point = Inertia * angular acceleration

centrifugal force = mass * velocity * velocity / radius

Gravity Force = G * Mass1 * Mass2 / (distance * distance)
G = 6.67 * 10-11 (N m2 / kg2)

Orbital velocity (sun) = (30 km/s) / [distance (in AU)]1/2
Note:  the ½ power is a square root
Escape velocity = 1.4 * orbital velocity

Period2 = constant * semi major axis3
