PHYS117 – Dynamics & Waves –2016W1 	Tutorial week 12	

Aims of this week’s tutorial: 

1. Tutorial Test 6 (momentum & angular momentum)
2. There are 5 problems here of varying difficulty. The last one is tricky.


Solutions:
1. In the first case, Fd = Iw2/2, w=8.16 rad/s. In the second case, 
Fd =  Iw2/2 +mv2/2. Then v=wr. w = 8.0 rad/s.

2. b) The force of friction on the ball does two things, it slows the ball and applies a torque. The bowling ball slows with a = -mg. Its angular accleration is given by 
t =mmgr =Ia. I=2mr2/5. The ball starts to roll when v/r=w.  v=v0-mgt, w=at.  Find t=2v0/7mg. 
b) Plug t into v=v0-mgt, the m’s cancel. 
c) d=vot-mgt2/2. Plug in t and find d=(2vo2/mg)(1/7-1/49).

3. Consider an elliptical orbit. At the point of closest approach, v is perpendicular to r, so L=mvr, E = -GMm/r + mv2/2. Substitute expression for L into E to eliminate v, multiply by r2 and solve quadratic.

4. Consider forces: T in string and mg, so a = (mg-T)/m. Torques, about c of m: 
Tr = Ia = mR2a/2R=mRa/2. Eliminate T.

5. [bookmark: _GoBack]Truck accelerates with a, roll accelerates with a’. The roll has three forces: mg, N and static friction. Consider torques about c of m: t = Fsr=Ia. Horizontal forces: 
Fs = ma’. Use given expression for a, and eliminate Fs from these two. Find a’=a/3.  Now, the truck travels a distance: xt = at2/2, the roll travels: xr=a’t2/2. It falls off when xt-d=xr. This happens when t=(3d/a)1/2, so xt=3d/2.


	Conservation of Angular Momentum


1. [image: ]A cord is wrapped around the rim of a solid cylinder of radius 0.25 m, and a constant force of 40 N is exerted on the cord shown, as shown in the following figure. The cylinder is mounted on frictionless bearings, and its moment of inertia is 6.0 kg · m2. 
(a) Use the work energy theorem to calculate the angular velocity of the cylinder after 5.0 m of cord have been removed. (b) If the 40-N force is replaced by a 40-N weight, what is the angular velocity of the cylinder after 5.0 m of cord have unwound? 

2. A bowling ball of radius 8.5 cm is tossed down a bowling lane with speed 9.0 m/s. Initially it slides without any rotation. The coefficient of kinetic friction on the lane is 0.3. (a) What is the time required for the ball to come to the point where it is not slipping? b) Show that the velocity of the ball is 5/7 of its initial velocity, and that this is independent of the friction coefficient. c) What is the distance d to the point where the ball is rolling without slipping?
3. 15-18. In the 1950’s, serious articles began appearing in magazines like Life predicting that world domination would be achieved by the nation that could put nuclear bombs in orbiting space stations, from which they could be dropped at will. In fact it can be quite difficult to get an orbiting object to come down. Let the object have energy E = KE + P E and angular momentum L. Assume that the energy is negative, i.e., the object is moving at less than escape velocity. Show that it can never reach a radius less than
 (Note that both factors are negative)


4. 15-47. A yo-yo of total mass m consists of two solid cylinders of radius R, connected by a small spindle of negligible mass and radius r. The top of the string is held motionless while the string unrolls from the spindle. Show that the acceleration of the yo-yo is g/(1 + R2/2r2 ). [Hint: The acceleration and the tension in the string are unknown. Use τ = Ia and F = ma to determine these two unknowns.]


5. The truck shown below is initially at rest with a solid cylindrical roll of paper sitting on its bed. If the truck moves forward with a uniform acceleration a, what distance s does it move before the paper rolls off its back end? (Hint: If the roll accelerates forward with a′ , then it accelerates backward relative to the truck with an acceleration
 a − a′ . Also, Rα = a − a′ .)
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