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13) (7 pts) A uniform bar is in tension. On what surface(s) does (do) the shear stress and normal stress
have the same magnitude? Show your answer with a clear sketch (or sketches). And, as for all
questions past and future, justify your answer well enough so a reader can distinguish a guess
from an answer based on firm understanding.



14) (10 pts) A solid round shaft with length �; the left end of the shaft is at x = 0 and the right end at x = �.

The shaft carries a torque T applied at the ends, and no other loads (Neglect gravity). It is made of material with elastic
modulii E, G, and ν and density ρ. The radius of the shaft varies smoothely and gradually from one end to the other by the
formula

r = a ·
√

(x + x0)
x0

where a and x0 are given constants.

What is the rotation φ of one end of the shaft relative to the other in the limit that � → ∞? Why, in
words, isn’t the answer ∞?

Of course, practically speaking there are no infinite length rods. But this just gets at the idea that not all very long
rods that are narrow at one end have very big twist. Derive any formulas you use that you need but do not remember. Give
your answer in terms of given quantities. [One approach: find the answer for finite � and take the limit.]
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