Physics 50 Workshop

Chapter 5: Newton’s Laws

A reminder about how to do force problems. Always keep the forces F separate from the mass that is accelerating (ma). Follow the cookbook procedure below; avoid the temptation to take short cuts or make unsupported assumptions. Here are the steps:

1) Draw a free-body diagram for the mass m that is accelerating (or maybe it is at rest, or moving at a constant speed: then the forces add up to zero)

2) In your diagram, each arrow represents the force due to some object other than the mass m in [image: image1.emf]
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3)  replace the [image: image2.emf]
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 with the vectors from your diagram (don’t put +/- signs in yet)
4) Break your vector equation into components, and just add the forces the same way you always add vectors. If the component points up, it’s +, if down, it gets a – sign. Then it’s just algebra from there.   

Problems: 


1)    Four weights with masses m1 = 6.50 kg, m2 = 3.80 kg, m3 = 10.70 kg, m4 = 4.20 kg, hang from the ceiling, with mass 1 closest to the ceiling. They are connected with very lightweight segments of fishing line that can be assumed to be massless compared to these 4 weights. Using free body diagrams, show that the tension in the segment connecting masses 1 and 2 is equal to (m2 + m3 + m4)g . 
2)   three objects are connected to massless pulleys as shown in this diagram. 

        m1 = 36.5 kg, m2 = 19.2 kg, m3 = 12.5 kg. Find the acceleration of m1 .


3)     A skier with an initial speed of 2.0 m/s skis straight down a slope with an angle of 15 degrees relative to the horizontal. The coefficient of kinetic friction between the skis and the slope is 0.100. What is the skier’s speed after 10.0 seconds? 

4)     As shown in this figure, blocks with masses m1 = 250.0 g and m2 = 500.0 g  are attached with a string of negligible mass over a frictionless, massless pulley. The coefficients of static and kinetic friction are 0.250 and 0.123 respectively. The angle of incline is 30.0 degrees measured from horizontal. The blocks are initially at rest. 

a) When released from rest, in which direction do the blocks move? (Hint: compare the total force that wants to pull m1 down the slope to the total force that wants to pull it up the slope.)

b) Find the acceleration of the blocks. The magnitude should be the same but the sign may be different depending on how you define your coordinate system. 



1

5)    A tractor pulls a sled of mass 1000.0 kg across level ground. The coefficient of kinetic friction between the sled and ground is 0.600. The tractor pulls the sled by a rope that makes an angle of 30.0 degrees above the horizontal. What is the tension in the rope that is required to move the sled horizontally with an acceleration of 2.0 m/s2? 
6) A bowling ball weighing 70.6 N  is attached to the ceiling by a rope of length 3.71 m. The ball is pulled to one side and released; it then swings back and forth as a pendulum. As the rope swings through the vertical, the speed of the bowling ball is 5.00 m/s.
a) What is the acceleration of the bowling ball, in magnitude and direction, at this instant?
b) What is the tension in the rope at this instant?
7) A small remote-control car with a mass of 1.50 kg moves at a constant speed of  12.0  m/s in a vertical circle inside a hollow metal cylinder that has a radius of 5.00 m.
a) What is the magnitude of the normal force exerted on the car by the walls of the cylinder at point A (at the bottom of the vertical circle)?
b) What is the magnitude of the normal force exerted on the car by the walls of the cylinder at point B (at the top of the vertical circle)?
[image: image3.jpg]




8) You are lowering two boxes, one on top of the other, down the ramp shown in the figure by pulling on a rope parallel to the surface of the ramp. Both boxes move together at a constant speed of 16.0 cm/s. The coefficient of kinetic friction between the ramp and the lower box is 0.415, and the coefficient of static friction between the two boxes is 0.807.
a) What force do you need to exert to accomplish this?
b) What is the magnitude of the friction force on the upper box?
c) What is the direction of the friction force on the upper box?

[image: image4.jpg]




Physics 50 Workshop Solutions

Chapter 5: Applications of Newton’s Laws

1.  Draw free body diagrams for all 4 masses, and the sum of the forces on each mass adds up to zero.  The downward forces include the mass’s own weight, plus the tension on the string (if any). This gives you four equations and four unknowns:

[image: image5.emf]
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T1 −m1g −T2 = 0
T2 −m2g −T3 = 0
T3 −m3g −T4 = 0
T4 −m4g = 0
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Solve for T2: [image: image6.emf]
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Which makes sense since the second rope should eel like it has those three weights hanging on it. 

2. Draw free-body diagrams for all three masses, and set the sume of the forces equal to ma, where m is the mass in that diagram, and a is positive for m1 and negative for m2 and m3.  This gives you 3 equations and three unknowns:

[image: image7.emf]
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T1 −m2g = −m2a
T1 + T2 −m1g = m1a
T2 −m3g = −m3a
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solve for a = -0.69 m/s2 where the - sign means speeding up going downward. 

3. Set up the free body diagram, which allows you to find the acceleration, which comes out to be -1.59 m/s2 where the - sign means speeding up going downward. Then use the a to find the velocity, which is -17.9 m/s, where the – sign means heading downhill. 

4. set up a free body diagram for each mass. The question here is: can all of the forces that point down the incline oppose the m2g that wants to pull mass 2 down? Start by setting the sum of the forces equal to 0 and solve for T, compare the magnitude of T to the weight, m2g. T = 0.69 N, and m2g = 4.9 N, so the weight wins, m2 goes down. Then set the sum of the forces equal to ma, because now we know it is accelerating. Solve for a, which comes out to be 4.55 m/s2. 

5. Draw a free body diagram for the sled, set the sum of the forces equal to ma, and solve for the tension: T = 6800 N. 
6.    a) 6.74 m/s2     b) 119 N

7.    a) 57.9 N      b)   28.5 N

8.   a)  77.2 N     b) 146 N       c) it points up the ramp
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