18.085 Quiz 2 November 5, 2012 Professor Strang
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1. (20 points) This truss has only 2 bars and no supports. The bars are at 45° and —45°
T TR
angles (so they meet at a 90° angle).

(a) Write down A, the “node displacement — bar stretch matrix” for this truss: to first

order e = Au.
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(b) Describe all solutions to Au = 0. How many independent solutions? Draw any

mechanisms (solutions u that are Wt rigid motions).
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2. (10-+20 points) Suppose c(z) = 1for 0 < & < § and ¢(z) = 2 for L <2 < 1. (The

material changed at = 1.) The fixed-fixed strong form is

d duy
o (C(T)d:r> 1 with u(0) =0 and u(1) =0

(a) It looks as if de/dz will produce a delta function on the right hand side (and not
f=1). Why does this delta function NOT happen?
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(b) Write down the weak form of this problem. Use two linear functions @1, Qo
(they are hat functions centered at z = 5 and %) for an approximate solution
U(z) = Ur ¢1(x) + Us ¢o(x). If the test functions are also V; = ¢; and Vi = gy, find
the stiffness matrix K and load vector F in KU = F.
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3. (20 points)

(a) The vector field v = (e~ %siny,vy) is the gradient of some function u(z,y) under
what conditions on vy(z, y)? What is u(z,y)?
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(b) The vector field w = (¢~ siny, w) has div w = 0 for what functions w, (z,4)? Then

w comes from what stream function s(z,y), with 8s/0z = w, and 8s/0y = —w;.

Note Some function f has f(x + iy) = u+¢s but I'm not asking about f.
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4. (30 points)

1 ;
(a) Write T %8 u(x,y) +1s(x,y) so u and s are the real and imaginary parts.
T+ iy

1 . ; ;
Write i 85 u(r,0) +is(r,0) so u and s are the real and imaginary parts.
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ivergence Theorem /f(div w)d&t dy = /('w ‘m)ds = flux to the vector

field w = frad u (same u) to show that the flux j#e the circle 22 + 3 = 1 equals the

2the circle 22 + ¢% = 2. This depends on what fact about w?

Tie diverq ewce &€ W S -?_-e@ betwaan
Lhase cLreles aw ( 'ésr-m:k—u:) = 0O be :;o.wue
w S cawivxx LTaw o -@u.vu‘_.'&%-v\ R K+ ‘-j

(¢} At a point (z,y) on the unit circle, what is the direction of w = graduw? What is the
value of w - n? Integrate w - n (use z,y or r,8) around the circle to find the fux

coming out from the singularity at the center point (0,0). = (% )
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