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Part 1






Solutions


1.  From the edge of a cliff with height 250 m, a rocket is launched from rest at t=0 straight up with an upward acceleration of 25.5 m/s2. Take "up" as the positive y-direction and the top of the cliff as y=0. At t=5.50 s, the engine is turned off. Ignore air resistance.
a.  Find the velocity and acceleration (magnitude and sign) of the rocket at its highest point.

v=0; a = g =-9.81 m/s2							10


b.  Find the total time it takes the rocket to reach its highest point.

v1 = (25.5)(5.50) = 140 m/s

0 = 140 - gt2
											15
 t2 = 14.3 s

14.3 + 5.5 = 19.8 s


c.  Find the position of the rocket at its highest point.

x1 = 0 + 0 + (1/2)(25.5)(5.50)2 = 385 m

0 = (140)2 -2(9.81)(x2 - x1)							15

x2 = 999 + 386 = 1.38x103 m


d.  Find the total time it takes the rocket to reach the ground (at the bottom of the cliff-assuming it just misses the cliff on the return).

From the highest point:

-250 = 1385 + 0 - (1/2)(9.81)t32						10

t = 19.8 + 18.2 = 38.1 s


2.  A football kicker attempts a field goal from a horizontal distance of 18.0 m from the field goal uprights. The crossbar is 3.00 m above the ground. After traveling for 1.50 s the ball hits the crossbar. Ignore air resistance.
a.  Find the initial velocity of the ball and write it in vector notation. Take the "up" direction as +y and the horizontal direction as +x.


18.0 = 0 + vxo(1.50)

vxo  = 12.0 m/s

3.00 = 0 + vyo(1.50)  -(1/2)(9.81)(1.50)2					20

vyo = 9.36 m

vo =      (12.0 i +   9.36 j  )m/s						

b.  Using the velocity from part a., find the position of the highest point the ball would have reached in vector notation.

0 = (9.36)2 -2(9.81)( y)

y = 4.47 m

0 = 9.36 - (9.81)t; t = 0.954 s						20

x = 0 + (12.0)(0.954) + ) = 11.4 m

r =      (11.4 i +   4.47 j  )m/s						

c.  Find the velocity and acceleration of the ball at its highest point in vector notation.

vo =  vxo    = (12.0 i )m/s							5

a = -(9.81 j )m/s2								5
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3.  Starting from rest, a block with mass m is attached to a string and is pulled up  a ramp (angle of ) by the string which is parallel to the ramp as shown and has tension T in magnitude.  The coefficient of kinetic friction between block and ramp is k. 
a.  Draw a free body diagram of the block while it is being pulled on the figure above and to the right. 					10

b.  Write out Newton's 2nd Law for the block in the x- and y-directions.


x:  T - fk - mgsin() = ma 					15

or 

T - kFN - mgsin() = ma


y:  Fn - mgcos() = 0						10


Assume m = 6.50 kg, T = 85.0 N,  = 35.0o, and k = 0.400. 
c.  Find the magnitude of the normal force on the block.


Fn = (6.50)gcos(35.0o) = 52.2 N				5


d.  Find the magnitude of the acceleration of the block.


			10

[image: ]
4.  A block of mass 6.50 kg is placed on a scale which is able to travel on a frictionless track as shown above. At the bottom of a rounded section of track the scale/block is traveling horizontally at a speed of 23.5 m/s. The scale then travels to the top of the track, which is circular with a radius of 25.0 m.
a.  Find the kinetic energy of the block before it reaches the rounded section of track.


						5

b.  Find the speed of the block at the top of the curved portion of the track.


							20

c.  On the figure above and to the right, draw a free body diagram of the block at the top of the curved portion of the track.
											10

d.  Find the scale reading at the top of the curved portion of the track.


					15
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5.  A block of mass 6.50 kg is traveling in the +x direction with a speed of 7.50 m/s.
a.  Find the momentum of the block in vector notation.


						5


b.  At some point the block breaks into three pieces. A 1.50 kg piece (A) continues to travel in the +x direction with a speed of 6.00 m/s. A 3.00 kg piece (B) travels off in the -y direction with a  speed of 3.50 m/s.  Write the momenta of blocks A and B in vector notation.


						5



						5


c.  Find the velocity of the third block (C) in vector notation.


					20


d.  Determine quantitatively whether the breakup is an elastic or inelastic process.


	15

[image: ]
6.  A wheel is spinning horizontally on a frictionless bearing. The wheel consists of a central solid disk of mass 0.500 kg and radius 0.650 m, a thin rim with mass 1.25 kg at a radius of 1.00 m, and 4 spokes of length 1.00 m and mass 0.250 kg apiece. The wheel is initially spinning with an angular speed of 3.50 rad/s in a clockwise direction viewing the wheel from above.
a.  Find the moment of inertia of the wheel about its axis.


I =  	 10

b.  Find the angular momentum of the wheel about its axis in vector notation. Take the "up" direction (out of the paper) to be the +z direction.


								10
c.  A sticky ball of mass 0.450 kg is held at rest 0.750 m above the wheel. It is dropped onto the wheel and lands on the middle of one of the spokes and sticks there. Find the magnitude of the impulse of ball on wheel.

							5


						5

d.  Find the angular momentum in vector notation of the wheel-ball combination about the axis of the wheel directly after the collision.


same=								5
e.  Find the magnitude of the angular velocity of the wheel-ball combination after the collision.


					10
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7.  A planet has a radius of 4500 km and a mass of 5.50x1024 kg.
a.  At a height of 2000 km above the planet's surface, find the magnitude of the acceleration due to the gravity of the planet.




					15



b. If a rocket of mass 1.50 x 103 kg is launched with a speed of 5.00 km/s, from that height, find the greatest height from the surface the rocket will reach.



		20



c.  Find the escape speed of the rocket from the original height.


				15

8.  A block of mass 0.650 kg is attached to a spring. The block is stretched from equilibrium at x=0 to x=0.500 m and released at t=0. The block oscillates with a period of 2.25 s.
a.  Write the equation of motion (position vs. time) of the system. 


						5


x=(0.500m)cos((2.79rad/s)t)						5

b.  Sketch the position vs. time of the block below. Be sure to include values at key points in the sketch (positions and times).
[bookmark: _GoBack][image: ]   					10
c.  Find an expression for the velocity of the block vs. time.


								10					
=(-2.79)(0.500m/s)sin((2.79rad/s)t)=-1.40m/s sin((2.79rad/s)t)

d.  Sketch the velocity vs. time of the block below. Be sure to include values at key points in the sketch.
[image: ]				10
e.  Find the acceleration the first time the position is -0.300 m.


			10	
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