Physics 50 workshop problem set. 

Chapter 3: Motion in three dimensions 

Please do not try to cram all of your answers on this page. Use your notebook or the paper provided in the room. 

1. Consider these three vectors 

· Vector [image: image10.emf]








 has a magnitude of 40.0 units and is at an angle of 145 degrees with respect to the +x axis. 

· Vector [image: image2.emf]
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 has a magnitude of 35.0 units and is at an angle of 198 degrees with respect to the +x axis. 

· Vector   : 
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What is the magnitude and direction (relative to the +x axis) of vector [image: image4.emf]
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2.

The figure to the right shows the path of a robotic vehicle, or rover. At time t=0, the rover is moving parallel to the y axis. What is the direction of the rover’s average acceleration vector for the time interval from t = 0.0 s to t = 2.0 s?  Explain your answer using the definitions for the position, velocity and acceleration vectors. Sketch an arrow on the diagram and support your answer qualitatively. 
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3. The position of an object is given by the following equations.
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a. Find the components of the instantaneous velocity when t = 2.0 sec.

b. Find the instantaneous velocity when t = 2.0 sec.

c. Find the components of the instantaneous acceleration when 2.0 sec.

d. Find the angle between the velocity and the acceleration when t = 2.0 sec.
4. a) A skier launches off a ski jump with a horizontal velocity of 30.0 m/s (the vertical component is zero). What are the horizontal and vertical components of her velocity when she lands, 2.00 seconds later? 
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4 continued: b) Draw the following graphs as they pertain to this problem. 

5. An object is launched at a speed of 20.0 m/s from the top of a tall tower. The height y of the object as a function of time is given by y(t) = - 4.9 t2 +19.32 t + 60. 

a) Find the height of the tower

b) the launch angle (the angle that the initial velocity vector makes with horizontal)

c) the horizontal distance traveled by the object before it hits the ground. 
6. A ramp is tilted at 35o above the horizontal. The length of the ramp is 10.0 m. A ball is accelerated up the ramp from rest. The acceleration of the ball is 2.0 m/s2. As the ball flies from at the top of the ramp, it is in free fall.
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a. How far away from the right edge of the ramp does the ball land?

b. What is the velocity of the ball just before it lands?

c. How high above ground level does the ball rise?
7. A typical lab centrifuge can spin up to 3,000 rotations per minute. The radius of the centrifuge is 20.0 cm. What is the centripetal acceleration of the material at the bottom of the test tube (i.e. 20 cm away from the spin axis)? 

8. The picture to the right represents a Ferris Wheel. The radius of the wheel is 15.0 m. The Ferris Wheel is rotating clockwise, completing one revolution every 30.0 seconds.

a. Find the velocity and acceleration of a point (A) at the very top of the Ferris

Wheel.

b. Find the velocity and acceleration of a point (B) at the right edge of the Ferris

Wheel.
[image: image7.emf]
9. A large clock has a second hand that is 0.305 m long. What is the acceleration of a point at the end of the clock’s second hand? (You may assume that the second hand moves at constant speed around the clock once each minute, as opposed to ticking once per second.)

10. A car is driving around a circular track. The radius of the track is 70.0 meters. The car starts from rest, and after 20.0 seconds, it is going 60.0 mph in the counter-clockwise direction. 

a) what is the tangential component of the car’s acceleration? 

b) what is the radial component of the car’s acceleration at t = 20 seconds? 

11. A boy is at the top of a tree, 15.0 meters above the ground. There is a rabbit sitting on the ground, 30.0 meters from the base of the tree. The boy wants to hit the rabbit with a snowball, but because he doesn’t know physics yet, he throws the snowball directly at the rabbit, such that the initial velocity vector of the snowball points directly at the rabbit, at an angle of 26.6 degrees below horizontal. 
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Because the boy did not account for the acceleration due to gravity, the snowball flies through the air for 1.20 seconds before landing somewhere between the tree and the rabbit.

a) how far from the base of the tree does the snowball land? 

b) what is the velocity of the snowball just before it hits the ground? 

Answers to this week’s problems:

1. magnitude is 67.2 and the angle is 169 degrees measured from the +x axis. 

2. the acceleration vector should originate on the point at which the rover is located at 2 seconds. The tangential component should point in the direction of the instantaneous velocity at t = 2 sec, and the radial component should point toward the concave part of the curve. 

3. a) vx  = 4.0 m/s, vy  = 2.5 m/s, b) 32 degrees above horizontal, 

        c) ax  = 0.5 m/s2 , ay  = - 1.0 m/s2  .  d) magnitude of the acceleration is 1.12 m/s2 and the direction is is 63.4 degrees below horizonta, making the angle between v and a 95.4 degrees. 

4.     30.0 m/s  and – 19.6 m/s

5. a) 60 m, b) 75 degrees, c) 31 m

6.    a) 7.84 m, b) 12.3 m/s at an angle of 65.2 degrees below horizontal, c) 6.41 m

7.    19700 m/s2 

8.   a)   v= 3.14 m/s to the right, a = 0.657 m/s2  downward toward center

      b) v= 3.14 m/s downward, a = 0.657 m/s2  to left toward center

9.     3.34 x 10-3  m/s2 toward center

10.   a) 1.34 m/s2   b) 10.3 m/s2    

11. a) 13.76 meters,    b) x and y components of the velocity are 11.47 and -18.38 m/s respectively. The velocity is 21.66 m/s at an angle of 58.0 degrees below horizontal. 
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