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Problem 1. (40 points)   
 
Consider a uniform rod with cross sectional area 𝐴, length 𝐿, Young’s mod-
ulus 𝐸, linear coefficient of thermal expansion 𝛼, and mass density (mass 
per unit volume) 𝜌.  The rod is oriented vertically and rests on end B.  There 
are no external forces applied, but the rod deforms due to the effects of grav-
ity 𝑔 and of temperature change ∆𝑇 from a reference temperature 𝑇!.   
 
Determine the deflection relative to the fixed end and the average axial 
stress at points B, C and D.  Express your answers in terms of the parame-
ters given: 𝐴, 𝐿,𝐸, 𝛼, 𝜌, 𝑔 and ∆𝑇.   
 
 
 
 
 
Problem 2.  (60 points)   
 
Torque 𝑇 is applied to gear C as shown.  The shafts are fixed at points A and D.  Both of the 
shafts have the same diameter, and so the same polar moment of inertia 𝐽, and are made of the 
same material with shear modulus 𝐺.  The gears at E, B and C have radii of 𝑟!, 𝑟! and 𝑟! , respec-
tively, and all gears are solidly attached to the shafts.  Shaft ABC is continuous, and the shaft 
lengths from A to B, B to C and D to E are all 𝐿.    
 
Determine: 
 

(a) the reaction torque at point A, 
(b) the rotation of gear B, and 
(c) the rotation of gear C.  

 
Express your results in terms of the parameters given: 𝑟!, 𝑟!, 𝑟! , 𝐿, 𝐽 and 𝐺. 
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