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18.085Quiz 3 December 9, 2005 Professor Strang 

Your PRINTED name is: SOLUTIONS Grading 	 1 
2 
3 

1) (30 pts.) (a) Solvc this cyclic convolution cyuation for tllc vcctor d. (I would trans- 

form corlvolutiorl to multiplication.) Notice that c = (5 ,0 ,0 ,0)  -

(1,1,1,1) .  The cyuation is like dcconvolution. 

(h) 	IVhy is thcrc no solution d if I change c to C = ( 3 , 1 , 1 , 1 )? Try 

it. Can you find a nonzcro D so that C 8D = (0 ,0 ,0 ,0)? 

Solution 

(a) Hcrc n = 4. Tllc transform F c  is 5(1,1,1,1)-(4,0,0,0)  = (1 ,5 ,5 ,5) .  Tllc right sidc has 

transform (1 ,1 ,1 ,1) .  hIultiplication (or division!) gives (1, .2, .2, .2) = .8(1,0,0,0)+ 
.2( l ,  l , l ,  1)  which corncs from .8(,,1 1  ,, ,, 1 1,) + .2(1,0,0,0)= (.4, .2, .2, .2) = d.  

(h) 	Tllc trarlsforrrl FC is 4(1,1,1,1)  - (4 ,0 ,0 ,0)  = (0 ,4 ,4 ,4) .  LVc can't dividc by zero! 

Tllc vcctor D = ( l , l , l , l )  solvcs C *  D = (0 ,0 ,0 ,0) .  

Note for the future. Exyrcss tllc same problcrn with circulant matrices: 



(h) No solutiorl m~llc~i thc matrix is sirigular a zero cigcn~~aluc! (The cigcrivalucs arc thc 

discrctc transforms !!) 



2 )  (36 pts.) (a) I f f  ( r c )  = e-" for 0Irc I27r, cxtcndcd pcriodically, find its (cornplcx) 

Fouricr cocfficicnts ck. 

(h) 	What is tllc dccay ratc of thosc ck and how could you scc tllc dccay 

ratc from tllc function f ( r c )  '! 
00 

(c) Corrlputc C c k 2for tllosc C'S as a11 ordinary number. I1 point yucs- 
-00 

00 

tion: How in tllc world could you find C ck4 ' !  Don't t ry!  ] 
-00 

(d) Solvc this pcriodic diffcrcntial cyuation to find u(rc): 

ul(rc)+ u(rc)= 6(rc)+ pcriodic train of dcltas 

Solution. 

e-(l+ik)i: 
2n 1 e-(l+iW2n 1 e-2" 

(a) 	ck = - e-x e - iks  arc = 
27r I" 	 2 n ( l +  i k )  l o  = = 27r(l+ i k )  

(h) 	Dcca,y ratc bccausc f ( r c )  jumps fiorn ec2" to  1 at  thc cnd of cvcry 27r pcriod. 

To find C c k 4  wc m~ant thc function F(rc) whosc Fouricr cocfficicnts arc ci. By thc 

corlvolutiorl rulc F(rc) - f * f (which is painfully computahlc sincc e-" is casy to 

intcgratc). 

(d) 	( i k  + l )ck = -
1 

so ck = 
1 

which agrccs with part (a) aftcr dividing by thc 
27r 27r(l + i k ) ' 


constant: u(rc) = 




3) (34 pts.) Supposc f ( r c )  is a halfhat fur~ctior~ (-a< rc < oo). 

for all otllcr rc1 o 
(a) Draw a graph of f ( r c )  on tllc m~holc linc o o  < rc < oo and ALSO a 

graph of its dcrivativc g(rc) = dfldrc.  

(b) What is thc transform (Fouricr intcgral) ? (k )  of dfldrc '! 

(c) What is tllc transform f ^ (k )  of f ( r c )  :' Docs it llmc thc dcca,y ratc you 

cxpcct :' What is T ( 0 )? 

(d) Christrrlas prcscnt: Is thc corlvolutiorl f ( r c )  * f ( r c )  of tllc half-hat with 

itsclf cqual to thc usual full hat H(rc):' (Yes 01. no answer, 4 points). 

THANK YOU FOR TAKING 18.085 ! 18.086 will be good small projects in 
scientific computing. 

Solution. 

(a) g(rc) = 6 ( r c )  unit squarc m7avc on [O,1] 

? ( k )  i k  - 1 + e-" ik - 1 + ( 1  - i k  - k 2 / 2 . .  . )  
-(c) 	f ^ ik )  = - ( i k ) 2  
-

( i k ) 2  


= (: at  k = 0 )  = arca urldcr f ( r c )  ! 


1 
Dcca,y ratc - bccausc f ( r c )  has a stcp at  rc = 0 .

k 

(d) No way. 


