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Solutions 


18.085 Quiz 1 Professor Strarlg October 6, 2003 

1) (30 pts.) A systcrn with 2 springs and masses is fixed-free. Constants arc ell  c2. 

V y L L u o = O  (a) Write dom.11 the rnatriccs A arid K = ATCA 

(b) 	Prove by two tests (pivots, dctcrrninants, indcpcridcncc of colurnns 

of A) that this matrix K is (positivc definite) (positivc scrnidcfinitc). 

Tell me which two tests you are using! 

Dctcrrninarits of h': cl + c2 (1x 1) and c l c ~  ((2 x 2) 

Pivots of h': c1 + c2 arid clca/(cl + c2) 

Indcpcridcncc of colurnns of A: (1, -1) and ( 0 , l )  

All prove positivc definiteness of K 

(c) hlultiply column times row to corriputc the "clcrncnt rnatriccs" KI ,  h;: 

Cornputc K l  = (column 1of r lT)(c~)(row 1 of A) 
7 1 


- 1 1  0 1-

" L o  0 1  
Cornputc h; = (column 2 of rlT)(c2)(row 2 of A) 

r 	 - 1 1  

Then h' = KI + K2. What vectors solve K2 

For those displaccmcrlts JI and x2,what is the energy in spring 2? 

Zero (no strctcl~ing!) 



2) (33 pts.) 

c7 cc 

---

A nctwork of nodcs and cdgcs and thcir conductances c, > 0 is d r m n  

without arrows. Arrows don't afficct tllc answcrs to this yroblcrn; thc cdgc 

numbcrs arc m~ith thc c's. Nodc 5 is groundcd (potential u3 = 0). 

(a) List all positions ( i ,j )  of thc 4 by 4 matrix h' = ATCA that will havc 

zero entries. What is row 1of h'? 


No bars nodc 1 to nodc 3, nodc 1 to nodc 4 (and 3 to  5). So K13 = 


h'sl = K14 = K41 = would hmc hrS5 K53= 0: not 
0 (and Kunreduced = 


asked) . 


Row 1of K comcs from bar 1: [ cl + cs, -el, 0,O ] 


(b) Find as many indcpcndcrlt solutions as yossiblc to Kirchhoff"~ Law 

ATv = 0. 


Hcrc wc nccd arrows (sorry) to givc consistent signs: 


(c) Is ATA always yositivc dcfinitc for cvcry rrlatrix A? 

No. ( A  is ung rnutriz) 

If tllcrc is a tcst on A, what is it? 

(A rrlust havc indcycndcnt colurnns. It can bc tall and thin!) 

What is thc trick that provcs uTKu 2 0 for cvcry vcctor u? 

uTKu = (uTAT)C(Au)= eTCe = cley + . . . + erne:,. 



3) (37 pts.) hlakc thc nctm~ork in Problcrn 2 into a 7-bar truss! Tllc groundcd rlodc 

5 is nom7 a supportcd (but turnablc) pin joint, with known displaccrrlcnts 

pp

Cg 

c(iC7 
5 

---

uf = u y  = 0. All angles are 45" or 90". 

(a) How rrlany rows and columns in thc (rcduccd) matrix A, aftcr wc know 
(,,H -- usV = O? 

7 rows (7 bars) and 8 colurrlns (8 unknom~n uis). 

Dcscribc in words (or a yicturc) all solutions to Au = 0. 


Au = 0 whcn u = rigid rotation around nodc 5. (A has a 1-dimensional 


nullspacc.) 


If you add 1 bar can A bccorrlc squarc and invcrtiblc? 


Not irlvcrtiblc sincc rotation is still allom~cd. 


(b) IVritc out row 2 of A, corresponding to bar 2. 

& & &  &R o w 2 = [ 0  0 -- - -- 0 0 1
2 L 2 2 

Thcn (row 2) timcs tllc column u of displaccrncnts has what physical 


rncaning? 


(Row 2)u is tllc infinitcsimal stretching of bar 2 in rcsponsc to thc 


srrlall displaccmcrlts u. 


(c) What is thc first cquation of ATw = f (with right sidc ,fF)? 
Thc first cquation is thc horizontal forcc balancc at  nodc 1. Sincc IJ 

rncasurcs strctclling (rathcr than compression) according to our con- 

vcntion, thc horizontal forcc balancc at  nodc 1 is yl = -f?. 
Why docs ;uTKtl = ; I J ~ C - ' ~and what docs this quantity rcprcscnt 

physically? 

I5~TK u  = $eTCe = iVTC-ly rcyrcsc~lts thc intcrnal cncrgy in thc 

7 bars. 


