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ANSWERS:
1) A  2)  A   3)  D   4) B   5)  C   6)  
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An ice skater is spinning about a vertical axis with arms fully extended. If the arms are pulled in closer to the
body. in which of the following ways are the angular momentum and kinetic energy of the skater affected?
Angular Momentum Kinetic Energy

(A) Increases Increases
(B) Increases Remains Constant
(C) Remains Constant Increases

(D) Remains Constant Remains Constant
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A particle of mass m moves with a constant speed v along the dashed line y = a. When the x-coordinate of the
particle is X,. the magnitude of the angular momentum of the particle with respect to the origin of the system is

A)zero  B)mva  (C)mvx, (D) mvyx, +a
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Sin 25° =0.42
Cos 25°=0.91
t Tan 25° = 0.47
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Note: Diagram not drawn to scale.

1994M2. A large sphere rolls without slipping across a horizontal surface. The sphere has a constant translational

speed of 10 meters per second. a mass m of 25 kilograms, and a radius r of 0.2 meter. The moment of inertia of

the sphere about its center of mass is I= 2mr%/5. The sphere approaches a 25° incline of height 3 meters as

shown above and rolls up the incline without slipping.

Calculate the total kinetic energy of the sphere as it rolls along the horizontal surface.

b. i Calculate the magnitude of the sphere's velocity just as it leaves the top of the incline.
ii. Specify the direction of the sphere's velocity just as it leaves the top of the incline.

c. Neglecting air resistance, calculate the horizontal distance from the point where the sphere leaves the incline to
the point where the sphere strikes the level surface.

d. Suppose. instead, that the sphere were to roll toward the incline as stated above, but the incline were frictionless.
State whether the speed of the sphere just as it leaves the top of the incline would be less than. equal to. or
greater than the speed calculated inb.  Explain briefly.
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A K =Ky + K = % Mv? + % Io® and © = v/R
Koo = % Mv? + ¥ (2/5)MR*(v/R)? = ¥ Mv? + (1/5)Mv? = TMv/10 = 1750 T

b, i Kooapporom = Kiop + Utop = TMViep/10 + Mgh: vigp = 7.56 m/s
ii. It is directed parallel to the incline: 25°

C Y=ot vet+a,t
0m=3m+ (7.56 m/s)(sin 25°)t + % (~9.8 m/s>)t* which gives t = 1.16 s (positive root)
X = Vet = (7.56 nV/s)(cos 25°)(1.16 5) =7.93 m

d. The speed would be less than in b.
The gain in potential energy is entirely at the expense of the translational kinetic energy as there is no torque to
slow the rotation.
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1. A square piece of plywood on a horizontal tabletop is subjected to the two horizontal forces shown above.
‘Where should a third force of magnitude 5 newtons be applied to put the piece of plywood into equilibrium?
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2. Alight rigid rod with masses attached to its ends is pivoted about a horizontal axis as shown above. When
released from rest in a horizontal orientation. the rod begins to rotate with an angular acceleration of magnitude
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A rod of negligible mass is pivoted at a point that is off-center, so that length 1 ; is different from length 1. The
figures above show two cases in which masses are suspended from the ends of the rod. In each case the
unknown mass m is balanced by a known mass, M; or M,. so that the rod remains horizontal. What is the value
of m in terms of the known masses?

(A)M; + M, (B) ¥2(M; +M>) (© MM, D) yM;M,
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A system of two wheels fixed to each other is free to rotate about a frictionless axis through the common center
of the wheels and perpendicular to the page. Four forces are exerted tangentially to the rims of the wheels, as
shown above. The magnitude of the net torque on the system about the axis is

(A)FR (B) 2FR. (C) SFR (D) 14FR




