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	Vectors and circular motion	


1. Gun. (Textbook 8.6) 
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2. Double block problem (textbook 8.18, moderately hard)
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3.  Rotating guinea pig (hard, textbook 9.7) 
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4. Governor (very hard, textbook 9.14) 

[image: ][image: ][image: ]


Simon Bates | Carl Michal | September 2015 | v1.0
image3.png
7 Psychology professor R.O. Dent requests funding for an exper-
iment on compulsive thrill-seeking behavior in guinea pigs, in which
the subject is to be attached to the end of a spring and whirled
around in a horizontal circle. The spring has relaxed length b, and
obeys Hooke's law with spring constant k. It is stiff enough to keep
from bending significantly under the guinea pig’s weight.

(a) Calculate the length of the spring when it is undergoing steady
circular motion in which one rotation takes a time 7. Express your
result in terms of k, b, T, and the guinea pig’s mass m. v
(b) The ethics committee somehow fails to veto the experiment, but
the safety committee expresses concern. Why? Does your equa-
tion do anything unusual, or even spectacular, for any particular
value of 77 What do you think is the physical significance of this
mathematical behavior?

Problem 7.

O
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13 This problem is now number 19 in ch. 12, p. 348.

14 The figure shows an old-fashioned device called a flyball
governor, used for keeping an engine running at the correct speed.
The whole thing rotates about the vertical shaft, and the mass M
is free to slide up and down. This mass would have a connection
(not shown) to a valve that controlled the engine. If, for instance,
the engine ran too fast, the mass would rise, causing the engine to
slow back down.

(a) Show that in the special case of a = 0, the angle 0 is given by

Problem 14.
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where P is the period of rotation (time required for one complete
rotation).
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6 A gun is aimed horizontally to the west. The gun is fired, and
the bullet leaves the muzzle at t = 0. The bullet’s position vector
as a function of time is r = bX + cty + dt?2, where b, ¢, and d are
positive constants.

(a) What units would b, ¢, and d need to have for the equation to
make sense?

(b) Find the bullet’s velocity and acceleration as functions of time.
(c) Give physical interpretations of b, ¢, d, %, ¥, and 2.
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18 The two blocks shown in the figure have equal mass, m, and
the surface is frictionless. (a) What is the tension in the massless
rope? > Hint, p. 530 vV
(b) Show that the units of your answer make sense.

(c) Check the physical behavior of your answer in the special cases
of <6 and 6 =0, ¢=90°

The hint; use two different
coordinate systems, one parallel
to the upper slope one parallel to
the lower slope

Problem 18.





SR S———— Tuwek?

Vectors and circular motion

pe—

Sincn e | Cr Ml Spember 9151 10




